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0 s j-^°^ jr 4 “bj-^' 5 4 - = rj- 5 j oL^«l . j ; . jj-wj-ilJL^Jl Jl^_j 

^ 5ij» y> 3Jl* j <i yjis- L^JLj 4 Cambridge 


jw t(Abdus Salam ajLJl Jlp j Paul Dirac Jjj Li y, l^JL ^1 aJUjJI 
ciO LJ^>- J-^l • y c5 ^Jl*JI J iJLoJ 

■** v* tt 

^jJj 5 y oLN jJt y ^Jb SLl^I JjL *_> 


. jjdLj Imperial College 


0^ t <yj 'y oLaJlJLo o^-^j o j-JuLwo ^.^JLb (J yt 

y U pJ^Jl y OjUl aJL^I yJlp ^Jbu 

y V y^AS dJJi £-*j . A^yJl Ajjiaj y CJlj y*> jl 

4ji ^ ^ «-&~La J«*j| l^y C*wJO Jliai £ Lgjy yfc Uj 

♦ if * * e , 

L'Jcl^. j£j jJ dUU . ^Lj-J <u!p 

Jr-f 4 

^ Heresy «Ul> J»» IjS <USl Jl iJUJl 


speculation V^iA j^iY* jl l^jiaiY* jl i_Jd JU_«jl^I 5 JS jl 

Lrr J oL) •iLil^'^l ^yi-P <lL*->ij Jj 4 a ^^Jl (_gjJ aJ yJu> jJr jlSCil ^1 « ■•: .- ^ 

4 ^Lrs^ ijlAjwo ^yis • 4_-<l_^aJl j^s jl 4JLa>«J!j . ^*_L*J I jj,s ^JuiJJ 
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jg 4 *y J^>*p 1 Oj33l j*-Lp cJl^*- 0 ^y j c ijjJaJl 

<U^ly *J> t L^-3 i > J-^ ^ ^ ***.Jj o AjLa^JI C-jLj jJijJl ^Liljl (JjLp^j y^tJj Lx^U! 

* * 

<_^p jJLwvJ jl y5L*-> yJl tyJL>Jl j ylaJl ^i-P 4_*JULJ| o^LjwUsJl oLjJajJl 

•# 

^ ‘-»y • <_M^' “JJ^i oLk*^Jl 

*♦ %■ >-✓ «• ✓ 

(J^Loj jJLsbwdl ,y j^JLwvo j* t iL J j 5Xjy- o! jLj*“ t oL jiaj y> ^v^LsJl 

. (. 4jL^-> N L» 

y LJLp oLkil y jJU? o jJLP LaJUwP yJUX ^ j-L^Vl li-fc jU^ Aij 
^ jJL>Jl ^y L^jl^ ^-j j-S* — yLp ol I jy <*x^-S ylj c 1990 4j^ ^ij-^oLS' 
0 jjj>o ULj>~! p’^CojJt jtSj ! ^jI J\ £-a 1 ybl* ^>lijl i^J-pl jl — ^iJ^3uS\ 

J+S* <up o> WUjJ jJL*J si—>lS y 15 yj . c^LJL 3L-<JI ^y *— -> jL>*xJl ^j->^ 
<u»J L^zjI jlS j . bJL jlS b* J5 y jlg^ l oL$j>- j L^5 <J^bjx> US i-wo-*^ j 
c oJb^i^Jl 5-SLLwoJl Jw«lS ^IoXj yJl aIa’ju J I j jS\Jl U 

,~Ac> j jJLj* 1^j\ kjJ Sussex ^tSUmj jxJj 05 ^15 y Alyl Ifci JeL 

J_b>- J (jyj.U-! Jb J> Oj y-T y bkJ <ui ^yS'jLlj 

• y^i aI^o N 

^)LS t a>j Ip C-^I bbs^>-i j*^£jij d-> L^L>sJ 1 <JLi-L> o*jIS^ 

(jJJi y> i^ylxSxJ jJjf ^ lLJL>- L$j ^Jl 5J iJLLa iJXsb^ y ^ O j-vauJ 

oJuJLw^Jt owL Jj>Jl jlSoNl y slox-jJ N 1 5ij^Jl y LS^5 ULy 

^ p 

Jj k y J \ a ol5L>t^ caLJ^p jl <LwyljjJl caUL»«»>sJI 0jbj y* 

Jl N JSS\ J kl^JlJ J J! yiNl j jiUll J Jl yc^t>U 

f-jJ-JJ j^>\y>- ^ LJIj ijyj t^Wj jl 

w vr •• # •* •* 

. iJJl *u jJJI J i.lp y u^kl 4 bJUii 
oL>tJ kjjLwwuij ^\ > yj L<»wU-P La-w^^y j 4 kiJJi o\ Oui> LjjJ 
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^ p ^ 

51 ^ JJ *^“1 <Jj5? J^*j — iJ-Lo <5l*-Jo ^jl^oSJ 

j\j 4 dlUb cLLLp jlj! Ji I Jo- Ik^o *>Uo j 1 15 jjJ> _ 5l>l j 4S*t^Oj dU_^- 

Sluj *yi ^ w>U! ^pUi jt>u- aj Aji- u j5 
^v.X>“ ^3 ^J-b - (JL^>-I^ b~ i - /? ! 4~>x*b O^-J 1 jJlJ * 1 ^ 1 

** '" 9* 

* I * * 

•/■' i _r aj> ^ J 
* 

l la . » .,« /? ^liJtj J JoJb j joJl IJj* jJ j-> jl j j.p *>l9 

^L>- U-o_« lb>- I J-* ^-Lj Jlsj . jLojl^o LIp oldj.> ^JLU 

$ * 4 s* 

Jo J I liJoj 5 Lsj5j ^ ±iL la jl t U 5 ^ 4 LoJUp 

4_*_*ioj • 5-lij JJL* (jUaJ £jloj 4 oLjJl i y£' LoLkJ ljol_P 5 JJo_oj Jloo 

a^s^JI olw2oJJl LaJjjJ 'y 4 diljJi d^jjjcJ! olJLU J5o 4^0^15 

jJLj OjJc^j ^ jjjJJl <5lxJjl 4 jUij'yi cj-aJj (1 )j^oj <u*dVl j 

** 

<daiJl <5lL <gilJ ^S <51155 i] jJJ <5bji^oj Jj 4 Uao ^1 p 5lil ^^Lp JJjlSl 

0 jJ-dJl ia^> jJLa IjJjl^o LJll? da (jl *y Lg_>l J (, lj& JdP <da ^lil 

** 

0 ^ dlL" cJl5 b jAJuj . iiJL. jjjjS" jjj £0^-4 15 b^>b- ^ JjSll 

J S>1^ CJl5 J, t ^XiP J JLL" j\ JUj^ j* IJjI J ^jLapSf 

^ p * £ £ 

^ii ij&ytj AjJ^t _^oL jiol jJ b c^L 4 jl 

^ p 

. ^ Ul^>» Jol 

^ ■ ♦♦ *+ 

£* yi\ aJL^ oIaUUI JJLL- J jU; oJl5 b 1^5 ^Jl oU^^JI 

j-^j tduJoJl jjSUl jd-p ^ ^Sl ^ j 4 inflation ^ ^Jl 

• cW 3 l/ 8 j^p oLlol ol5dJ ^1 j ^ 

ajL^J jj5d^ ^-d5 j ^jojJI ^1 S^LJl o j^h 4_d5 j ?j j5 JI Llib> yt L» 

^jjJL *]q^ja Jj j 5? c5l5 o'yjLdl o_L& ol ^ j-L^dl j-dl 

* * (. 

L^iaJu L^-U- I LfJ oi>j jJLs j_Jl Lol . 4 _jL~J5J( j 

• J 5 ^ ij^ Jj ba^Xo U j5 ^ yju ^1 Big Bang A-Ja*Jl jUbJ^i 
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jjb j Alan Guth & jS jjl LgJLLUl ^ Jjl jib ijjhbj ^jbJl 

j? o > # 

L^Jlp cJJ-i! ^ . MIT L^jJ ySsJJ ^ ,i® hA ^ <>* 

^-wuU tlr 9 ^ — j->“i f-L^i-P ^yA <Ij (^-Aj I C-5^ 

Od>-L) Jb jU l ^j/3^ y3>*jJl 4J>-J ^^ipj . ^i-o jbJl 0*>bLLd>JU — ^sJjJa-Jl 

*♦ 

Jjlb j £ -tac- jUjtfljL I Jb Ji o j^Sl jl ii5l5Jl S^SbJl Juio ^jJI j j&\ 
oJla ^_Ji*J! jUbj^l Sj jJaj ^1 bbuJ L & M j ^blj^r 
^ Jj^Jldl £$1 jJb J-s^o _ jL^i-b - O^bj^Jl o 1* . Ig-o-fr* bb 

oi Lb j\ ja^a s )1\ 4bi*-> N t ye*** j+s* j-b j^JijJl jL^Jb/l ^ojb jl 

4iju c ^kJi jUbNi «Jb>J jl^p c JjS\ u\j*y\ ^ bi Ni r jJi 

JaJl olil^JNl j>d L. oIp j— » dlii .ikiL 

iJUJl .JL+J ju . ( j ^SUJ jLu* jb\Ul S) oU» Jl - ol ^d*>U 

c* ^ 

y~* $ & j! N «jJL Ji>-JJ^ jl (JLqJ^-^I oJ-c*-Jl <LjIJJjVI 
. Ijbl ebb J^P jJJi ol j jbjl *LJLp Ju>“ J ji j . e^bbJ ibid iot® 


(^JH ^ ajLsJ <> 4^1 j jbJl jl ^>jl 

b JUw3 4^j>sJ>* jLm£? j-J>-) iJbbl 4w*~j jJ ip ^Ul N Uj ip^ 

tiojbjl o’^blJL<Jl oJlA e^ljj>- jS>y • (bjboijl bwUJ 

jl Jj ^ ^ j-Jl j ^ l a^J L J^yi jjbJl e-^Jl 

L»j>tJ ^Jl i!Lb-!l CjIS" L«jj LjjI ^lixpbfl (_$bp vj-^j L® e^b-^'bl .iSb-A 

^ J ^ ^ i 

\1*J tJ* jJ dl . ^*w2jl ^l_^>J! 

^ ji j u db j jj&\ J*j^\ d\ - uui J-.UJ1 jLi^ u »j- 

• ij^>- 

JsLxjl jU t AjjJaJl ad* jLiJ dUi jl 

jLj JuJI 4i>J jl pUJl aUipNI ^La ^JL; jJ 

j\ dJ»jA LfiU^l i^kJl jl Lu) 1>U U- : Cdd U dUi ^ .^1^1 
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Ihisi. * — a i rv. 4i.i 

* M 


01 La 4<Lw<*_Ul!I (j-£o Lli ^ L*jp CUU (1)1 jl 4 LwLs<2j j! LLp 4 ^ 

Jj-^ LIS’ cr^ 4 ^>c-Jl iJjLL? j j j_L>iJL>j oLpLuu-^I oL-ft JL>-I 

Lk-S’ (1)1 ^LupI ^LlJl j~* — ojjj-vaJL - 

i^JL aLL^ aJ^ o>15uu ^ j^ <Jl <J Lfcl^j 

.-uavi 




JJ^ 4 a! j^SLaiJl jJJijl I*La ^JjI ajIJlJI ^3 ^£*1 . 

♦* M I 

+*■&> L ^-tT >!^kJl ^ 1 ^*Jl ! La Lp jj C_bLj>c_a 


a 5^L4 <*-U? yjjl ei^J) . jjijl yj y Ul oly>«_JI sLlJ 

o}15LlJI y s^li UgjT ^yj| y y£J c yJl oJi^J o^uiryi 

«« 

<uJ) £~»jXJl OySbJ jl Ijl ySbj I j\j* L«X*j ,^l£3 ( . iJ jisJl 

«* 

y u^i (^ £^>li jij <■ lj iij j-^Ji oU^>ji ^Lj-j ^ 
> *♦ 

^SIaJL Ls^sjI LI ol J j 4 (Uj^ ij^LJl <^JaJl iSlj^j £*) j»LJt J! ^ 

• A-bi-Xj l w^wAj J>UoL 
- • «> y~ ♦ - 

i ^ 3 

^ LI ^ iw^Jl ^--_>Jl j-^xJ L>w?Ij jj^L 'y oi j 

£ 

L5^i ‘U '-L >_ <y i_^Jl {^jJ>j Jit j Jj t jj ^5J| oM5wJt 

i_^i ^>w?l jj i klL>«_<Jl c-iLjj5sJl iljL» (_j j-Sjl 4jy_vaJl jl Ml . ^jyjl 

^yJt l>- U~* .^ju ij* ju> Lj ij}\ j ^ Ui 51 

U^» t t5y-l <ajJh> iy>-j jlij>l ^y LlU Jhi] Ij^S ol j . UUL" 

.ij^Sjl o*>lSjlJl Jj>J t cJl5 

L*s\ — !lj) jyr IJS Ji Uj V^* U^wsl Ji c^ /-5 

. — il y JJp cJay Ji AjU-)/I 6! L.JJ ^ <_s jy Uaio (alyls' y Ui< 

ypjLJl \jj' U- j~»«l c*j£j (iyjc<Jl ^yLSj^/l ^jJaJl) Ly5 I ^isl* U-L^ 015 
jJ yl sUi Uyl Laop i v lyj| y vJI^I jjl ^jbi UijU vy 

^ tf ^ 

_ i-jii. cJl5 jlj ioAJ ak w^ -w j ij>\j aopli U’ jrj yJ* U" 
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c I Jl>- 4 o ^}\ ^y>-j^\ jy 0*^-5LXw<>Jl o 0-A J-?- 

ly> y y j jliJlj 5UJ oy-i y' • £~-y^ y 

l$JI -yy- 1 * Jl V~^ oy>Jl ujlij *<y yi ‘ j ^JcS 

* j-s^Jl ip j_**> ol • La J_pI j- 5 jl <y 4 .L)J_>bJI p-ljjyJl j £> yr 

. oU ip 

4JujiaJj yLoLol y- 1 y ' ^ i yL’W ^ d$^ J"^ 

. ^ "' ^ iij L j *\ j_>«Jl ^y * j y 1 1 ip ol L<»jl>- i^^-L^»Jl ttaii-ij OoLSiJ t 4 -w_**jJ! 

*4 

y j . dJU&l i-ij j£> yp ^liJl ^ uu . \-$~».aj ip ^~JL J-^i flyJl y 

^y y« jJlS 300 1 000 4jyJ *~L->j ^ cJyJU aJI yy OjIj j^-LL* 

«+ 

^Jlp ^Lo*p * j^aJl ip yj . y^H iJlill y Jy 186 cOOO j0 ioliJl 

iojL>Ji i-jj-$Ji oLjJajJi ^js ig-J-p 

. iilS* o yl 4 ^Lp yoJl ^ 

c J^LWNl yJuJt yjL^oJl ^-aI y ©J^lj yj c 1887 ii-» y 

p p ^ 

^jl j^!j Albert Michelson y~-L£L)L* o^Jl oL^yy»^l oL*JL*Jl 
i5^j v ysiJJ JuyllaJl i-P^Jl ol olJI y Edward Morley^jy 
5 ^SLUl C^viilj S| ^y>JJ IJj>- i>-y*-« ijytjJl cO_a cJtSj . y>jNl 

ys yliaj li>- oli * L° oLpj^Jl ol y» o J^aW l^Lkj 

ip oSl ^ y> jS/ 1 y jilaj qj ^ y y °J > ^ 

jUaS l ^Lp ^uSfl ^J\ U^r lyj jJj . £jj U 2 JI ip^- y ^3^ 

L^_J| liUA-« OJJi ip ila_>MJi 

t j-^ii y j-kj Aiis y 1 51 y **ij . jLUaji 


LjjUj : Jj ‘ A1P J~> «-Uajl 1 i_vL« SI y> j-" ^ (*) 

y * j-OaJl 4 y ^ O l Aj^lad y> 1 yNlj ^y^Ljo 'y li*j . L« >x?- 

. ^1 ydi 
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Ija. vJLi 


"r klUi 5 ' jJ^\ i _ r Jj i jS\ ip J~u jUai JS- jJ^oj *jJ> 

£f~~i • W jrt*^ jft ^ L- 5 f j-kti Jko • <_^Jj-° — ,>Ji5jL 

4 * 

oO Jl c~ 1 Uj *j_J> oJb 4 jJ pi 

Lo-lj aj^aUs* ap j^j Pp U^r Ijiaj'V t ^UbJl IJla ap ^ li 4 

l 4^® Jpr* P c ( 1 905 io) 4_v?UJl A-wwwwjJl ^Lopl aj pb o^pj 
Ojllll Ap jlo jtJ jJ Ail jA> ^bp>l aS p Ui £ aIaJlJI a>oJ 1 o jp LPol 
OlSUl y> *pJl dib 4 jlfu d\ a^cj pi Up d\ Lib pp J/lC 
crH j^i <pj * aaIjJJ 1 JwAj 4 jbo*>U! ^L»Jl jLp j 

(J,\j* ^bp>l Lot . a ij ^Jl aO j aJ j-oJL jlis^u Lpl pip jLjJl j jlSbJl 
4 *bb*>U %li bp (Space-TimejbbjJl jl) bbjJl j oLSPJl p 

^ p ** 

^JUJl ol ^ i jJ\j j^,\ j] i_J| ol 5 j>J Uj (J klkj 

. f-j^ai\ Is-j^, jA jjSCJl ^ JJcj fj JJl 

•• 


V^ 2 ’ dr* ^ \*j3? ap j— » op { j~ y >^i\ dJJi jo j 

tpL^pJl obbl*_<Jl LLS aJL p j 4 pjpl jPp 

jcf y*^ APj-Jl oj^ *Lol Ot bib Oj ^>p- . aJL-OwvPI 

IpPl lj_& aP? cPjLoJl olo ojpl LOj c p> jPI frLpPl ob j-Lo p 

#• 

OpLi pk-p pN L5I Jij Lpti Jj>tj A-wwwPl Aj j b « "■*.~1 1 M l~^ 1 ^ 4 ^ -*- 1 L-Sfl 

ic-^Jl» ^ : ULj villi t_i*>Ut; ,^iLj ^ jPs ot ^ i-AsJtjj 

•* 


* j^t 


Lu 


. u 


- ^ . 

0 wJI 


^3 Ayjs . Jl ip OjP> jl JL>Jj>-l <U^L?- jjLvflj ^-L^-l J ^3 ^il iS^>~jj 

»1a 6i jt ^^Uii Jij . o j£l\ sUj ja JjSII J^l^jl 

(_S^i A'jAJl J->o iwa jjjj! 

Ijjj . ip^ ojU: jli ^j, jSy i^L 6i Jj«jjJU ^ Iju . «k ^Ji 

k-kL Liij ot JjUo" jUkN/t S jJLp j*jLi!l o j£$\ jUJt 015 J 
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juN jlS- ajIj c,«xiJl CijSi\ ej_^L y jr^i 

* Vs ~ 

A~~~Jl Aj Jaj ,v ,'*)pI A~A , >^w»J d)l AjL, 


ib* t HilxdiJ 5 j-« (Jjl 

8j)UJl ^JLp <_J^o cr*^ ^ ^J- 9 ' 1 4^j' lA* ^ 

Lj y jJLJU- ^ <1)1 j c Jj-^aJ' dr® J-T* 

*♦ 

^yali-l JL?-I Lfj C~Jlpl 1 *_Up j - Lfj L~L>^> 0 X 5 ( _ s 53 <■ 

O ^51 jvJ (i jjl~5l AjcaU- ^ LJb- J-^^H tj^.j^ <j 

c, , ^ ^ ^ ijJuO jL>4 |»ii : <1>5 u 5iii -br^ ajU^I 

.-.s i-.li aj>-IjJo»I p\a~-*\ jJ saaUJI ysj -oj^>- a^4*-* ax*j 

. L>-j^j>- ^_$j1jT 4li5* ^ jjj^iaJl frU-UJl a*o <jjAJl c-j^L-^IU J>j& 


^ ^Ul ^1 <Jj£a> obi>5 us <i~5 aJIxJI aLUJI J*>^j 

t ^ ,g .» j } j y> dySj \jj\S . y~>> Uj a^~~*> c->UL>t^— >1 c# 1p o-i-Mi?- ^J> y- 

o jJib-t j LfS j~* \ y j <■ * y>-\ ix>^ <-x 5 L*l» : bj}y>. Jl_p-^i' dr*^' <_s*-J 

4 0 j1» ; — aJ'-Wj^' <ajjai\ ( _ y U — dr*-® J-V N L~^xL> Ui^» 

ijLaJl o~~Jl ol ^oJl ^jIp j • dr^ ® l? 9,5 ' 5“^ u~iJ 

c - ^JS llgj l^JLa- Jjlil jJ j I AS^rkuJl l) ^ cr i '-^ 

1 X yi 

^jb j) VSL k_ »j »>i-* | fU Cj\J~i L»J ySJ . iaj ajL^J^MI dr® 

e j^uJl APj Sl» Varying Speed of Light A i ^l£j)!l SjLjJJ jU^\ 

: ( ^uJlS3I ^\ y j «-9j ^>*jl «j-* <1)1 '. JLij ai^w? gy- ( ( V_^iiJ 

. Very Silly 

t *1 a l , ...iyl U- y»- tj^S oIpU^-I y U .l*j <1)1 

yLl>tJ y* aj<^J L* li-1 y iyS-l <J-r~-5' j — i' 

Jib <lUij t aJUNI biis'^Aj iljl£iSl 

d> ^Sb ^51 *_i5l j^Jl j lf;bw?l I^xp _r^i cjL>Ja>»xJI 
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j\ o* i^LJ' J !j* Jl* l*J 

LjJ 4 _JL£o jl ^Jl If! V i\ jfi* "oJuJo- 0j5b ■ p-J-*Jl jj* jJJi . j 

jlS* j5b ^y> ^iljJl jli diJS JtS^ £~*J * Lf*® <ol j-* ^ JJLi j J> «J aJl>- j^o jLz>-l 

> ** 

• (_f® l ^r , ‘ <y° <_#^- JawaJU 


* cf* jr* cSj^ ^awaJU 

e-j-jLU 0 ap j^S\ e jSis I j J_p ^JJt cLbJjl iJ-P jJijJl 

Lf! IfJ Jbjj * <\>^ Oj£a}\ U 4aJSUj>- 

«• «• «t •* ^ 

fNJ Jdj Ulia Xw^Ij I 4J pit ul c-.jp IlfJj . I4J Jul" jbjl U5 

» > 
. • - 

* t- ** *’ ^ A) 
•» 

• r^' ^ ^ J ' J tJi ^ J j <y 0^ .y j 

I ♦• *• W ' 

. lJo\j I J-> oil ji I ^ iJl J^-> j-ill a3 ji jj ISJ <kj jJLa Lfo 

^3 CJJb L«j . jjL*Jb O* aa^Kj U Lf I yj <JjjJL>tJl j%Jl*Jl 4j->lji>sJwo ^Jl ^JsljI 

-La 3 I Jww>- j Lol . jjL*jj>Jl ^w^)b-<Jl Jl jjj\ <J| aj^-L>cJI ^wwol 

#*■ 

4 yoJl <-A^P ^3 (J AP AjLlj^ ^3 jj) J»> ^yjT jl^ 

p** p*. p p f. 

^y ^iJj jj j-^3 aIS" j-* jI oL?j . ob aSwjL^-Lo a 1^-^ Lfv- c-AiLo 

.0>>J! iib* J! 

jl5 - f 'j-d cs-^ ci yj^' 1 cP'- > *-;^ oJl5 aJj (.diii £-*j 

p p ^ 

^ fellowship iJL.jJl c-^2. J ol eLUS ^»Lp JUy Lv.la p <SJ3j-^ 

(^1 Ujjj 4 LjUajjj ^3 L. 1 L /a C^>^-Jl (JjLl« j^bl j~*j c <l^Jl>J| 4-oc^>sJI 
** •• *• 

4 j_JLP Jwv 2-I jJ 0 J^a 4_)U->J| J <jL<aJl A-LSs ^3 dJL! il 4 (jL^o 

*♦ 

J c >■! iU^Jl olft xpj . 2S j>Jlj o^vsd! J jiiki ^ Jl aui 

** «* 

. ^ l (Jlio*)U jb- Ji CJ jJl (jlj 4 ^ij^olS* ^jA ^g^->- oJL?-l Ji 

JL^I i^U- ^Jp tijLx^l ^ii c^^Jl jJ^JJ 

. i^kJl p.Uj-dJl ^ JjS/l obwUJl tjxj ^ 

*• «* M 

^ J j^i ollj j£i\ j^JLp j-A j Andy Albrecht CJ^-^Jl ^JbT ot£ 4 1JLla 



£ J i il | 
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JU3 t jjJl aj jiali ^p Ju-a y* ^->-lj aJI j • iSlJ-Lw>- ^jJj 5 JL <uc*U- 
Aj> j ] a 1 1 1 ^L*_S £-**> jjJl A -> j la > J-* 1 * JIj-a*JI 1 J-A CClj_C*>> w\_L» o3jl^_> 6L5 

^JLp aJ aJLLo J^l l *,<3, ,> 1 ^A 4 j jiaj ^j-P Ad>eJl aJLLj CL*->15j ? A>t-*>*.,*,, rt 1 \ 

Jj-aj 615 Lo 1 jJS j . Ulp oL6j:> l-JU? JI^j V 65 Ujc-p L$yS 4 J6LLN1 

^ uj 

6 jl 6 j5Jl cc^5cco J5 ^p 4jl>-^[t 61 ^S6>-oJl j*& i y 6J» * L^5Llu 

♦* 

aj5J 4 ^JajJ 6 L*Aj jl>cj 61 cJ^6>s_) diJi Jj>-1 ^0 ^ ^ l ^ «.« aJLLo 

^3 L*^o ^Jwo-xJi LlJj 61 LjlJ Lo^ . liLi^l eLw \^^s>- LJLJj — 65 

. 3 jCC^oJl 6jLc5l i y2s>*-*z3\ 4.6 C^JL>*j JLdJ . 9- j *,<b\S o AP j^Jl Aj j]oj 

> fi S* t* 0 ^ ^ £ 

ccc5 Lo ^LclaNIj oj5Nij 0 Jl j ^Cj A-**-*. JLA C1j 1^J^*» dJ-O 4^6 LpI 

i^ai JjVl ^»LLJI i$jji 1-5* ^LSj . L§^3 L~wh 6j5L 61 I^->1 j jygjN 

c^i <il=-“^ U-*J ‘ Cl i>* J^J C^ lt® J 

♦• *• 

<lj^I j5j 4ww>- aS'^^p lx^» aLJL*JI A^jcj <w d5 ^Jl A.yg.d.,1 1 t^pj . 6 *aJ 

«* «* •* 

o^^LaJI C~»J k-A~Sj 4jl§j ol~*-Sn (j-ajy C 

** *♦ 

L5 cup 5pJ 5j h 4j j56 aJULo ^Jl_ L^3 oJ a_L >■ ^ j 

6^^ ^j-^i oi^ £-* — j6cJl ^\ Ll*j3 

5> 61 O-Co jl5 5L5 ^61 a*&a]\ L^jJ 4 1 j^>*i**o 5L»p 

•* 

^ y &S*C-A ( ^ ^Js2j flmX^" wij>0 cl ^ A • ^ ^ 6 ^ ^ -Lp 0 ^V-^3 ^imiiii'SiAAAiIIi 

* ^ ^3 j51 ^61 ^>-Nl CcLjiadJl o J j>cj 5 ^^j2j aJ 1wU-^j 

•• •• 


AjJiwo <j55 jvJ 61 3jlj 65 jJL?"I j-^j cc j5jcl^Ij ^55 c*6 3 j jJj 

OjCj>- ^5p ^Li5 jl ^ ^5^ y 9 j* l$ 1 J-i tc^»!JJU ^ipL^j ^ N 

6} J j51L> 5L1 w5I 5 l— >L-^N l 5^ 6 Li ^ ^>-*Jl a 

4-JL-J1 v^UJl J.UI 61 Sfjl Jbj ^1 . Jl^ J5 ^P 6^N1 

E^c^o j *J ^Jl oJuJlCj ^Loil^Lpj a^a61jJ 0 j56 j Jb\ ^6l 0 j56Jl a>s^a^>6 

Vn . +* +• 

‘u^ r-* Hr^*->. t^rA y if c'j-^' <_M ( j-’^*J • «y j~& 
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L LI LajI . LLiL> y^Jl j -s^I y!L*jo j jt-ftjljl c-jjL^jo La IjLLSj 

cij oUl yi^L >lj jJLJl ^jL d\ yLJoJl y* y^LJl LLLVl 

L>^JJ jliiil yp <jJL£sZ L$jI jJ* <. iJu * j Jjl L^-JLp jJlJ yJl iJLkJl 

^ *• 

£-sa> j LI . ^yJbJl oq^Lo^ * aJL» yJl :;:e t. 

jlwU) j L , /g:? -L ^y t l^a3 j j\ tgJjy t jbS-Vl tlL^a ^Lp <>jl>Ji>J| ool ^SLJl 

. aJIS pJbJl 


* yLdJ o ycull 5 ^ ^-wJl S ^So ^ yp .>y^ LI y* Lib y* jl yip 
ct^JJ ^y^LJ yLJl yiyliJl yyi y y’yLJl Ji LjUL yjoy** 

olS jtUl y> JlaJj . y y$ sJl £^»yJ! Aj Jqj j A^oJl Aj jiaj ! LjfcUa>t)o jl 

j-J>- LI ^1 jLl yip LLS LLi * L ySL L j I y y lLI 

tf^ULl LI SI ibolju*! 31 yl y y*j£; lji*j jLS^fl ys! ^ii 3 iU.j 

(L>X>ui y ^0^0 k^LSC^Jl ^^Ic- jL~^>-'i (j^^aJl 

. UUJ 14^5- ->_^>-jJl Ol Ujl^kL J~U- 

^ <j^ aIS <-^L 5 sJl \jjb I j 2 j ol Lyb’- Lb I (^jl 4 iuJj^a ^jL^»VI oJl^J 

* — &Lla_^Jl L)Lg_> y lyJ-A JLaL yo ^j^aJL! AjjLjoJI ip^Jl Aj ^ iaJ ySLjo 
LyO-A cyL^I L^jI yl i jL[j Lij-Oo ySI LySl a?/za\\ l| (J ylll yp yipj . lU| 
j-*-L ^y I t LyPj dLJu 0 ySI LI JUJI A^sLsu J a . ’ i. ^ I t La^jL>^» OajI^ 

P yj P 

. o -4 ^ l^i^ ol 

LI jy jj oy*^ t yL > LLl oljJwwJl pjXo ^j-Lp C^Oj>cJO^I LiJS JjLLo ^y 
cOjLvJI oL^eJ'yi fl/yi y« y jl5 ^ j 11 Q 1 AbP' .*^^1 1 Aj j}zZj 

y° Ij^L^ LI jy 9 ^ I 0 0 »& I j * a^^oJI L jJL> j ydl aj j^S-> L Li 

(Jy-SJl ^ j> ^~ L _ o *• L&^^_P yt-Pj I yP j-+* ^ ~ ^ ^ 1' 

^i j 3 l y>jl J* i . «y 5 jULjl >\>j\ LIS ^by A>^Ji» : ^UJl 

Ly ^yLo p-yL-U o A-P yL I Aj Jij yp jJl OoLs^j^I ^ JLP L I 





g-J) 
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<* t t- 

<z*> I L^J^Lxx_> I I y** \^y^ 1 1 o0-& ^ .1 ^i.i-Si-Viii® ' J< ‘ f-« 

«* * f. 

jJL*/2js ^.la 1U 1 0-&j . y* ^j^-JL® Lx^Xp^^j v— ^la oIjuj 4^~<>-L*Jl 

• O 2 ^'-'' (*X» p JJj~* 

** t * 

JjL~® tXX>!U-*3 (( <Lu jS ^ oi^J Uajt 4 j jJixJl o.X^J lAP J-A3 t Jajj 

l)!JLw® ^3 IjJLS ^x»® 0~®JJij Ul5 4_j| oIp M la " «*N 1 Oj-^-Ulj . ^jO*-! 

** 

* j./jj ] o ^licujl 4j ^ iaj ^_£jJ jl5 4 (_£ ^jwb>Jl 03jLi 

0y>0 01 JUx^I dUS ^xx^l toJu^ ^iaJ i>w? lili . dUi 0 jiJ l® 

JU- j-oJl ^ jj>cjJlJ j 4 j»-L«-> ULp L®Ld> 4 jLIx_>c-® ^ajL^gj^- O 3 j-**Jl > jJdJJ 

j j^vJ>xJl d^jaj l djl j jX-Xuj . io ji' 4jL jiaj jj JXXi 4 JdP o^j lx® ^>0 

^ HI ^^UxJ! iaUdJl ^ UflJ 2u5 01 J jjUl J . ^dSC NU- J^il <:l 

** > 

jUTj <_^| _ ioLipl ^ ^Jl c.~jwaj-1 Ui5 _ iy>j 

.3 ^ p ^ ^ 

C->lx3 jlil 0wLft> Lid j . ^-xX® C j 4j j ^i® 4 4x3 jd® 
. ^Jl^xll 4j * j-OOJ 0 j-JCL<Ji 4P 4j ^lij 

(_£ Jl® ^Jlp HSjI Jdl3 ^ jJl didj Oj^O d3 4 ^o-a1 jXS*I 1 y j| 01 J^O - 

^^IxJt ^ il 4 j \j^\i L® ixAU 151 J3l 01 _ W>UJI 3 ^ixJt 

Theory of aj J&j \ \^jt 4 Xjd> 0 i OU>^0>d oL jiaOl ^-® ij^y 01 

* ■$ 

LgJL>t® ^ U-L>0 <2$^"* ^ ^ ^ J Quantum Theory Relativity 

4-w J ij jJi-j Ov-^j^o^ 0j-j jJijJ! ®UJlxj! L®-U-P ( j_^Jj 4 0 Jl>~ ^ 5 -^ 

«• 

LM . ^jOJl Oj^O quantum gravity i~® j^^Jl aJUi]1 0 Jj^\ j 

4 ^J-0>t_Xj ^ JJi ^^LxOXXjI L>- <• 4 A 1 la ^ Jl oJO*-^oJl 4->jJajJl 0Lx3 

j_a 1 j^>'l ^0JLx>r_® c^lx-J® j%JLx]| y* ^3jLwX_® d.1.*® L»jx® jltl ^3 

. lx-4J>- 43j jX<0l 4*w<0x!l 

^JxJj . d-*»>E-0i IJlA ya \t- y>- ® yJlX] 0 j^xJX<0l 4-P ^-*-01 4 j d-s- ^ -s^ 1 J-flJ 
^-® IJl^ J 4 Jo yb y*j dJw® 3 j_J2-fL<Jl J */3 XxJl J_A j ^xX-®Jl C O-^LlJl 



O* ^ ^ ^^SlU I ^jjj*Jl c-ijjJaJl 

L jJaJ Q . /? 7 Jjii 4 ciUi jli . U>L*J 4 ->JlS «Uwl j» jL 5 ^ jJl JLj>- jJ| 

CM ^jA .M C ^Jji- J> ^ ^j^JJ AjjliuJl ip^Ji 

. IJbl U j^'Sf jSl ^ 5jj^ OjSai bSI^I ji*J 





1 1 1 1 1 1 I I I 1 1 I I 1 1 I II 1 1 I I I I I I I I I I I 1 1 I I I I I I I I 


♦ 




(jjULuujI 



LlxS ^Jl (^Xfcl ^ ^ o j£j> ijiUJl cjlS" Ujllo 

: uIj^*j Leopold Infeld J-LiJl aJ A lbert Einstein ^LiJLXjI 

^ V-tLh J-a** <u>tJli ^ flJij t The Evohitw?Qof Physics 

jj53l J*-*J liUJ : J y- Jj t ( _ J Jl>jt‘' 1 yk tJ'jAA Jy- lfJ>y jjJJ 

•» 

t u LL^2j U ^ \j ; ;l ^ Jl>Jl j_a U5 j 

<>" v:r (V-^-U- O 

jt-fjwiJ UXp oLk^ ^(J-| (1)1 X 'y ojj^aJl ol . iJLibJt 

<IjLoV dlb ^ J kj ^ ^ju Ss^J jpli>«Jl <l>JLv? aJuj>- 

x ✓ ^ ^ wT 

61 (j-A^Jl Oj^Ly JasJl t >~>-j J-i>Jl JA ^ tOl-b-Vl J-JLj 

j\yS\ J>J JlU>Jl viiU jj j^- j! ^ Jb N kU* JJli- 


*“ Ejyij (_£-LaI (_£-XJlJ («— 'bl^Jl jilj »J ^(| jAi ■ - i S»| J& jl j - c, 

ijljjJl i _ 5 1p Jl>«-il (ji jJLp 

«• «» 

?A)I *Ai ^ OjioJW (jjAJl fcikJj! l$J ^yCj *b/ ll5JL« 
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4x.j^u Jyuil 


4 (( a ^ .si c 1 1 cui-fl-sl JuaJ)) ! <Jyb y 0 *LoJ-*Jl y° J-*J ^y Jj>«j cl) I 

j>l - W fi IjjLi _ dj jla-Ji-* Jj t a^lj jjj £A ^ 

p. I 

I d)l La^J) • l^s*^o o Ad-wd*^ ^j-a 

y <s dyr*} zj * I L° ^ J->^' ^ J^t ur^ dr 4 *j*r 
A^J <1)1 . aJ jiaJl o:>UI Ji ^L>o J^' <j^i 

. ^jLmJNI pIS'JJJ L _^ r ^ N 4jL^[ L$lL y*j y <1)1 



I* olp^^ 4 L$J A-si» J& ji-L*Jl L-L*->«-> yJl ^aJLa^II)) Lilij JuS” ^aj 

iL^^kSl A^-j L ^S- IfJ C~~*4 O-U-l ay=-L*. Silo frU^Jt!' ts* 

A 1 ^ .+> 4>-j jJa^Jl ^LwswoJl cl) j}3o La 1 j^S J . oLLi>-^ cl)^-^dl 1 J*** ^ Us* &M L5^' 

‘ \jt\yu> ^ ^ys yJ* j J^e- ( _ 5 1 p- UJu>J\ ^ tjjJa^ Lfll i U yA Ui ^ IJj>- 
~ *• * *• ** ** 

o^SLiJl ^jU«jJi ob^>«-« j-* J^r (.r-j-d-! V-'U- 

* # ' 

. yaj>x^i\ J- kuJ l j 

JsL~JI b\ - y Ly** ^ ^ cjl _ c*$yt 

y*^ . VLlJj y JsSfl ^-U ty^LiJl <yjiJSll L^ljL: y £r* N 5^L>iJl 
Lo ULp _ |jl& olllaJt a^w*1 j-j — ^LjNl ^yJlj t P'U-Lp O^Sd jl Jy 
^L*_ju>j1 ^S' I j+ZS y> y>o N l2l t JJL*JU a-La jiS'l a31?L*JIj 

cjLlaJI y 5 ! ^Lp j*&+a\ N U5 caJlULJI o>U^I yi^flj AiUl>Jl aJ^MI 

. <two-L*Jl ^L^<Jl ^>- < y 

,< 

t j jJlis lll5 L^ca J^Lcl t ^j^l LfU-l j^s yj t o*X}^- Sj^ 9 j>§-^ ci^ J 

I JL^J 4 ^ 4 Lj| (^1 . ^ » ,/g > t-^xJl L^jdJlj 4^s->*lj-<>Jl A-PjjJl Ll-*_3wLj 

** •* 

jiuj Mj . a^-Ij oUtJl. j_^J! j^£j jl ^ Jj 4 ^-*»tai->sJL 

o U , la.3 LqJl LJ ^JlJ d)l Aaj y^>. iLji? oXo 4j ciid^>ju d)l Oj^ dUi y 

y» ol^Jl ^ J-va-iJl j^jj • ijj-w • ^ J~; tir^J jr^ ^ 

«* 

N/ L *^A \ a 1) a! ll^) Jl>* Lo^a a . **-jLJL ti-LxJl *]g A) . jdl <Ux3-«Jl Aj 
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^ \j 4 oLLjJl 0 wL JwJo O ^SL A^_HjiJl JpLl>ijL AjLj I 'yd lo a\o a \ , \\_£ , Jj 

. L^j L£1*J i>- oJlS U^» t U US' bjjJ ^jl>J( ^pLLo 

jiwL^j ^L>j-j-fiJt ^v° ^iJJS ^^-Lp ^L>- 

'y c j^SLU iJ'L^^M a^iJI <L*tjJ^> ^gJlli Cosmology oUj-SCSl 

^iLUJi jt-U o^Lp i^.1 jjJl dUj j> j%^I 

oU oUj^ cu^J c->LJj53( ^ jJLp ^JaJ ^ ol • Astronomy 

JjLJI Ija jl Cosmological Fluid jXIl JjLJl La j-pJC aj:>LlpI 

U oLS* lili . L$aLi5V jjwLaU- o j_$L!i £UJ-p ^Jl ajUJI ^a J^oLiJl 

AjliJl aJ^woj jA oLo^^Jl ^*Jp Al>c^j La (jU t aJjJw^w i^JLLllt ^Jlp A-uwjJu 

Sj^ 4 ~ * * ja $ I JJLs ^ j^>s_U ^j&j\ Ua 0} J j 5 Jl ^j-p j^xp j 

»♦ 

^^La^JIj aJ^^Ij Aj^jUL a 4 aJL<LLo A.yir? ij.t ^>tJl ^Jj aJLJUc«j ajL*Jl 

C^ 8 <J^ ♦ ij AlLUJl oLilajwJl j 

cJ-pI Lws Jj-LI j~CL oLlw^>«jJIj q j*kH c5 -Lp ojj^aJL iwu 

*A 

.^Ul 

jj£J aJjJtJ . ^1)1 £j^> _y> 4 Jjjja iip jl5 jjj 

* ^ ' 

i <U> j }a.' a 0-2^ I^LoJ^ . Lo >X>- ^^AJLo ^L^aJI ^ya Lp Jb 

j^5Cl 5l jA dJLlAJb jS j^Jl j ?UJjlJ| i^ljjJU iLLi sjlLw 

U5 wUajcJI ^ 0^5 A^-J^ ^^Lp (JiVl Jp' A-i Aja^J) cij-SJL jLvo U-i) 

1 ^ yir^ Cy^ j\ yr-rt Lr 8 l _ 5 1p aJ! ^ ^j-^L Ji 

A 

; ^^^P OaLJ! ^ ^yA OJW? 1 A_-_^w«Lo JL)! A.J'y I <_j2_v^ ^ 

" . . ' > 0 > 

Lpy IajLipL aJ^SCI oLI jOJI 4 JjJi ^UJLJl lij^l ji j 

• r 1 ^' a 4 

4 A-w-*-vJl AjjJsd c-SL^lS^I ^3 i Aj^*»1 jJI SjiAil O ^ 

•• *♦ 



PJ-ucJ! 
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OjJl A-yg-Hi oJlA JUojIj . isSUjaJl ^ j» Jj2j ^Ua^j j*a Lf^LvS? 

Edwin Hubble J^a t _ ? SLy>Sn ^U^Jl dJlail ^JUj ^boLol 

JLi j Alexander Friedmann oL*wLjji jJJ^^SdJl j-li ijj^Jl jMl ^JLp 
o j-Sdl oLlj aAi^uJI aJlaJuJI Lg_>tjLoj * ap- oLj L*-* ! j-^L^ 

. ^JL>*j t~L> dita . 4 jL! Jjj 

^ . W IS LJu>- a^U>» aJL^I j-<jJ! ^ o j-JI jl? L*jjlp 

** — 

Jo-Jl k'S J>o- o' ^1 ijJS o' j^J lJuJLi \pc <u yL Jik J Jjo*- 

olSCJJ I • -» ^ ? oj-kk ^^3 I t;jk>- 'j-rr*- 1 ^-’^C'J (_rH 

** 

cJ J l^-I Jj ^ Id jj>- ( j-« AJLJL>di US'! jd ^3 1 jlojJl j 

IJlwo jv^w? ^ c^5nJ^ j Isaac Newton jj <jL>w^l J^» ^ 

. ioyJl bdUi aJ ojdi- ^ I5i jUjJi J jlSdd! oU 


! ^b2Li>l U $ 5 iiL& 


dJJ 




P p ** 

C-J ^ t JLpJI <_5*J AaL L5^ 

* ** 

^ i t I j++*&lo . ^Jdl l-Aj^~SvJ ^dl d **— 

d*^>“ {j* ^ W ^ J J <• J (Jljj N J^dl dl 

L^iu^j oijJL>^uJl . Aii J-uJl oL<Jl y>- ^W>w? 2^*^ 

f- # # ■' 1, S *>^. "' , - 

Ai^^Lo^P Aj J+-& L^J 1^,1 ^ki 'i 4 Ujj iiU-U oLU 

. iiL» j La 

LljJl IjlJ j t “AJli ^kjSlI Jlj-LJI jiSU JS\ jjJl k j-a j 

1 ^^0 ^ j ^ ">- .t.ll ^U- ^1 » tf ■ * ■ ^ Lj ^ a LaU 1 

!? ^ p 

JJA Ajjj Ja ^LLLj! j£-*Sj JaJI l# 1pj . sjUaw> iojl o' 5l j*J 

l ^ .^> » ij t o>-' L^oJa->«j N sjLk->*J' oLo^Lp L^LJ t jr^ 

, p. i> p. 

^oLl^JuI ^ i L^_s^2_*j C A^ v -la,. ^ ^ Ck- 1 1 ^ A^“^*>>l A^~*wJL)^ '■— ■ 

* aLmjIScu jJ a^LJI 
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<VmI j^iU.1 


y>J\ iiliS ^ XX viUJuj i^S\ Ul, — 11 J oS/l u _ r -»-2Jl 

/^<3 ^JuLvJl J jJL>Jl Jww^lij aJLx*L J^lXLol IX_> A_o&I j aJL_3 j OJJJ aJ-*j>^15 
a>- j^jL aJs^n^NI oJ-a JJu Uj^>j • 

dUu ^Jl ^Jajl . <cLJl ^ aJI jXj l g o la t ti>- ^. lal .^Jl Aj>t-^-3 Ajj^-Ss.* 

t ^ jiaJl 4-*-^ N v — XL*Jl jM' 

. . . <w?L>- iS'tital asjIp jS* j+y aJ| L^sIxpI x*-> 

++ 

> 9* 9* 

. <-J j^Si^J}\ ^L-Jl 4_>- y* y* L5^i 

^La av J i J jj 1^> ^1 p l)*^ A^_9 jjJo O^" ^ A*a ^A_ ^? Ij ^x**j ^A3 A^n«-o-L> 

| A SjiaJl ( _ s lc- l _ 5 -^«-i _/~“d ^-^— ' c£ jd ^b-JL j-* bl~jj • ‘9 ‘9^-’ ^ 

j-r* LX 5 " i ~^‘-iJ i M-^r XX J-o^d £j'>* X • J-*^' j-* 

. 0 X 0 bX, XL1 AjjUaJl <Jxjx*wJ L^U-Ju ^^LX x 1 o\jjj i ,^JX>c_H 

** 

la» -V LoLoJ Aia^JJl Xlij ^2j * oXX>Jl A-> jlJgJl Jflj^j ol^j <w->LJl 

.(1.2 J^xJl) oX*x* t ap ji Sl>xj jriX jliVl jjlXjl 

^ ** 

. rU^i Jlp jijji jiyJi j* *js diii 
^Ji IXIp jlS' ^ ^ c °^ w3 

Ail* bbu V ^V 5 jjX j%J ^ . A^J 

. AJaii>t^ jl aAL>^ ^ 

jJbulj JlA3 S oJb JLvi NIasI iijlX'y ol» i (jj^j 

(( . L&j ^o jlX V I w o XX>cJi Aj jUaJl ^J-nA* jj l)N i 

^Jl c3x>o ^Ijj c iiLJjt LJ^ tXb 

w ^i-p I j5w> ?li>- L*-« Lf ojjii Jjb» : I J^SS^J 0 ^JiJlj 

t o Ju J l>cJ! AjjUaJt O-L^jl LoXp L^j ! j ^>1 • j j-> aJL>- Ow^J ^jlXI 

J 1 Uli : L^l jl i LI 



30 


g J ) 1 i <£.^414 ^^ uj | 




. 1.2 

IjXaj IftJ^j ^1 l JAAJ l _ f l» jliS/l ^ j>\ OjIj pj . ^\ aJ 

* • >> C5^ 

^jl>Jl 015 Jj«> . iJLjj^L LwwAW O 1 O^-^J I ojwft 

: (i'j ^ J^j j-^ ^ £~*j ^Jl o j^Jo ^JJ! L qj ?( 2.2 JlSwJ!) 

®J-M j**>J <J> °j-M j-iixi lS_L>*b»- AjjLL; J_s^ £jlj-* 

^ * 

C-~-*Jl ^a O^H * LaL*_> C-Jj l^ * * ^ ^ Jti ^ ® j-*>-Vl 

** •* 

• 9* ("2*^“ j ^ j) Ci AnAntl ^ . Agws ^ ljw ^ 

#♦ ^ 

iUkW jliVl Jf-J tglji; ^ If! L . *J>y y> <U^> Jjl^ 22 ol ^ 

ir* ^ ls?S- y^ l^ s ' (J^^! A yjr l ^ J . y^ 1 ^L»Jj • • . oUl^^Jl y[^> i j^> ^ 

. Js zl J,]] Ilk jl v±U ^Jj! N A?-l 

»* ^ 


*j\j Jr^\ ^UJl ^ jJi^j J Ji iojjJ! <Jj J\ ja \ j^l 

<-)l < J - - • J ^*- 4 -! Lj ( J ^S:> - La I JlA j C j * JL>*Jl 

^ (^ £°J -> y>a <ul : < u~iJ ^ Jlii co jio Oo c^*-«dl 

ol ^>W> . U ^1 LwaJU- oLw J-a LJLjb*- j^Lp ^ ^1 
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.2.2 .ti 


IJla <lJI ^«JL L»j t l ^ as- j~* A_l ^ ^ ^ C 0 jlA>»»»J 

^SSL^vj i C^^\J>^\ 0 X 4 S 9 - 4 la ■»*««,? <LoL>y3 <U^/?li>- <j! ^_A yo»>t^a ^wL*j ^j£ Jjl 

0--9 jJl ^Us^2L>t-J Lq* 3 ! Lw^ u ol *A_* ^ (1)1 * J & 

** 

• i , /? ^ * T -AWV» J ii ^ kA^t^ UJ 4^^-‘k<«i.«i^ *, /? ^ C-> <A3 ^j /2 ^ Am+*A& ) 

A A 

dllS (Si Nt ilA+y &\ j£ ^Jip 4*s~u J2 Zj ^j^l!I (Si yVl £Si JJ 

4_> 0 jJb jJ* 4jt*jL>*jl 1 — '« ... ^ Ji . /jSt-i Ljwwwl^^' ^jS 

LJj ,iJh)l ^ ^jLS' 30(h000 ^j\Z >y^\ J-i—. :iaJjLJl ^JlJ! 

•* 

yo Jit o j-ygJl jSl Li La it ^Jl y-ySt o ^a\i iyljjuJl iPj^Jl 
* 

0 j>c^a oUjL l ^ 5 1 la > A>s-w^ d)l /W 4 LjLli < y y* 300 J-aIAj 'k& j** 

H yJLolj Jl* j cLL^x>-*^ i_^\ ^^T’J -U jj LjLJl ^y y^a 300 43 L**~4 Ll«P J-*»u ~S j*-S 

«a 

3 j-*Jj 0 j ^ -,^> 'i yo ^vy$L*-A13 4 5 JL>-lj LjU 0 y>*-s^Jl 3^ 

♦* 

• ^ lA '■ArH 


yLo j-L-S' 300 l 000 jl*j ^Lp *y Si ya Li j-v^ j ^Jj 

jL>t^a ^3 1Jla->- 43 j j-*-* 0 j-aLU t yJLoLj JUo cLLJ| ftg’j a,/? ll 3bJ 



6 -0 
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(5*^*^' jc^ • Cj%>- J\ J~i ja tf-lsAjUl J 4jjj.il _^Jl oNUa^Nl 

«* 

c~L*j ^ii : ilJj y° 'j^ J j3c^. j^Jl ^ jS Ji\ <L >- j 


a -< f- 


*" *J-^' £i>J' ^U»jJ ^jNl 0*0 Ij 

®^^Lp ^ ^.-»j>- 66^>* fr Utf j a . 1 1 ^ l^c^wul LiXJj i j*jj t 4 jL&^ 

yip AiiaP cJlj 4 uAjLa jLL$ljU *1 y>-l cLll l>*pyo 6 j5w*» *5 


W? 3 ;jj-^ £*' jj' ^ ^ ^1 JJ-^ ^ yuJl Ijjj ol 

f.j^aJl ip ^ cJl5 jJ L^lj^j 6b-9 45 jjj 61 y5U._> Lo jAj loVUuJl yo 

ip^j ilVL^Sfl ^p pLj^-SJI J-a^J yj 6 ,d J . J ^_L- . o j^a. Jl ip^ yo 

yjLddjI oUwL AjjUaJl jj j&j £jlyJl S JJ^3 6li j-^ail 

Oj-iJl J^a-^s tdJ^L^Vl ^p cjS*-^ l y^j-6-^ y ^ r ^ l £-* tddr 

ir*J ^ Lwio- Lla y* j . XaX^> L^oJ ojJ ja t J ^\ j 61 yj j VI 

^ ** 

‘*dj'-M' J -*ji J*J £j'>0' hj~* OJi bAJ-Lj c ( ** ) J A v aJl jA S^iJi il>^| 

j-r*-* ‘4 h^- 0-6-^-^ ojLi^/l dLU-S'j i j-kaJ ^-Aj « jJLJl 

•» 

• Ji W dH-^J L^ ONI JJfcJ iibL.Nl 


U r*J '4 J JJ-^ 5 J-^J <■ <J J^i I ^ jkaJ aJUI i yiJ\ l^J y^> J x^ j 

{j~ijl^\ 0 Jy0J Ojj-rfS jS/l l-V^A j tl^jl jXa ^\ p..A^J jii" 

t iijLJ! ejLiNl dUi5 j <. j\y»2j Uj ^ j jVI 

t- $j± 0^1 • s ^"Nl ojJi . Jl \y>- jvJ j»j . L^>. slAtJL; 

<ul .UUj Ja-Ij cJj J yuu jUjSMj tijllaJl J^s^, £jlj^J| ^b^jj 

“■i ^5* < ^ e ’ (_£* i»-U^ ObtfN <_LJL1 ! i yA 

‘ -^'j S~*J t#* N -US’UJb ^bbJjl 'o\ . kwa-'U 

. <o ^^U-Jlw jj| cJ y I 

TSr •• 


. La yi diJi y 

f 

. Lijl La yi jJ diJi y 
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^ 3 ' ^ LoJ £a/?L>- j) • Lo Lp* ^jlj^Jt ^Jaj 4 ^j>*j <1)1 S/j 

CT^ £*j 4' J-* /j_pWJ i^5oC-JI a j-LiJl «.|JLv 5| J-a 5JLJL, 

jikj ( / r *5' jjio oOjJjsJI ijjUaJl Jwj J^J L>Xj«i . jS\ i ^1 oUL~a 

J-a^ 0 S ^>L; ‘Ua-JI <jlk^ • <3^-— jlj ,y 

•* 

<_$3ljJl ^ o^S* Jj->w? y>*-> J-^UJ Aj ^vaJ l jLi c 4«j> : :)\ LgJJLj LoJUp 

I IS' ^g.9 ^jlj^Jl oL>«_jU oOjUJ! ^ yg .*3. ^ -a O. J! s^Ji Lol . <C-P 

4;jUaJl ‘Jwj jJ j~j Time Delay La j I ^l* lib* <Sli dUJJ . & I jJl y> aJ^JI 

cjj^> JL~ Oj5ij . <c>w? 4 ^jJsJ3X3 i^j ^jjj 

«* 

■W j_pw> saj jiJl *Ijl^I ^ aLJL^ *1^1 J> *J| ji\ iJLJl jliVl 

^ «« 

* J-^2 j 1^>I (^1 t j *S\i jS I j ji»- lj jw 4 Jj*jli 

*>*j >>*k >* N £jl>Jl 0 U UlSCa j 

jLSjVI jJ ^xjj * IJ & . &X* j I OjiJi ‘Uj jjj AjjUaJl 4 _L^> jJ 

jJj . J^lj <1)1 ^ . J z a : o l^JtS ^ j.g-'yi 

*♦ ** ^ 

<jl j_*j jJlj ^ jj biSL L^aba 4 j-*j ^hjj j* y>l j^Jl 

. dii3- as [4)6 jU/Vl 

^ 4jl_bj ijLpjLjLi Lo *b/j 4 jjjLl^L^jlj ^a-jLXj 4_«j 

. <UiL>mJ| 0 Ja!> * 43 ? j J* U^la JS 4 sLjU Lit- oljL-*4 jljuasl jjli 

L«l . laJ laiLw» ^la-lajl ^*_L>- jL^ UJ 4LJI4J u JjL^j i j.~W jl5 

. tj-lp Oj5lj <1)1 ciUi j J-*j *>\i 4 L« i \^£’ 

«• 

f j-4^° ul 0^^^^ ^ J>t3 iSLa 4 1 J5 ^>j 

<1)1 a. ^ gjj 4 A 4.a.^a j O^^Jl ^3 4 ^JJ^ OJj> ^ ^ ^ 1 ^ * 

** ** +* 

^ . <r ^ 

• <j-*~ iiLS" ^j-j^Lv^IjJJ o jjj., ^ Jlj L>t^>t-s^ o^-SCj 

0^* ^ jt-L^ xSi 4 c |^iJLj 
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Jl5 Jj>-I j Lo ju^IjJ yoijj>6l y$ 6ij ^y j_ y>A?lj 

>' *A*S^l jj 

oJUli-a yajJl ^ j) ^ ^ 4 j3^4j > - O ]. f*\ 1 i-& Oj-^J 61 y^o-J 

4 ^ 1 J 61 ^ USj lil yJjb- o\ l^jJ\ l y* oyi III ?^JU lw* /SI 
^ ** 

^ iff ^ 

oJla 6 j-SLj 61 /a . J->-lj JuS <^_wjJlj X>-lj 61 L ^i 6L*-®lj l ■<>»■$. 3 

^.LL^j A>- JjU ^Jl iJL- ^1 ^ o-u Jaj <\ jJ> ^-J Li^ \jA 

u^j^' J-* : jUa^-Uj ?^Jl LfiLajJ 

♦♦ 

1^)1 ^ ^ 3 *! t( la T *. a (^) ^)> j i)^jUL*L*-j AaJ ll)^” ^*Jlp i t _^ ' aJj 

z^a jj I tj I o 15 c ap I jl»I j (Jax^j apLJL*i^Jl 

aJ\ J* ^l£jl j^Jl J\ J* 015 JlJLj .Oj&\ J pJiJl OuUJl >auJl 

t jJJa^Jl jUjJl j jJLkXJl ol£JI t oli) o-^Jbl . Ailk^oj aaJ^ 

jj^il j! ^ . L?. « , ,<> <<> 1 1 1 3 ^ ^jj j ^j 

. Clockwork Universe 

0 L»l j-^Nl . UjjU/?.>- ^L^-jl JS y^wUaJl JtfLJl •itAXp'Sl 4jI 

Ju J l>tJ Jwv^>2^3 4 aJLo JjLww<w jjo'yi ylxc Lo jj^p Lo-s-^j Nj ^ ^/Jl ^l_ c^iiL 61 

JUu^l yo /i.5 ^61 L$1 ^6* L^i y c AjwLaJI Owb-1 jJl 

. 0 Jl>* jJl lLUj 


oL*6>L^Jl! 5^i6l aJjJI oIju-I jJl 6U c ^1 JUaJ 

4 Lo L— Li Li^ 0 Jj>-I jJl *: CoLyiJl 4 JLJi> 61 j y I) 

** *• ** 

• ^J\ L j*~j ^ >* J ^- 5 (*^ c^i ^ 

o>Lol ji * jLS LJ j-i> AaJoC Lo-j aSjJI LJ ^1 ji j-LSCJ! 61 6iJ^ Jl^ 

^0 6 ^y>-^ 'y 6 j j 6 ^?.j>- jLl?!^ 61 • ^Cwo-^Jl 06 -A y^-* j -* 1 c^yUU'yi yo 

y^xJs3 4 Ljo j»pL< 6 y^-U 3 yp ^JajJl ^6aj2j^ . ^,-L«Jl j) ^ d ^>..> UyiLa 3 wL>-l ^Jl ^ 
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{Jjllll iVljj 


bJ-P ^ <y JJLl . L$J jX} y^Jl ^Ja^J M j iijJL 

jljJaVl c5j^ l^ 9 L^-S" ** 5 j -A-S > ^y> |JL>- t)Ul3 

. ivi«L*Jl ^jLlallj iojjJl 

^ oUjJlj oL£L<Jl U j j-^aJ ^^v£3 ^y oi_A oL^>Ji 4jL*Jli JJjLijo 

quits' 4 J jJaJJ Swb ► J (^ylSUJi jl>Jl jl) jlSUJli 

"’ *4 

t Lr u 315 IfJjJs 3-* J-^ Jjjis <-i«j *>L3 jl J jl !l -uL-Vl iJLa 

f* «• 

iijjJaJl Owl^jj . L^fc jJuJl yJl 4 -LJjJI 5wL>- jJI *ys 315 ^jl?JI ^ dUi j 

• £» _r> -bJbhJ AiUl HiJiJl ^ j! L^Uj 

i !S i P P 

^r-f . ^yjVl ^ia_^ ^Ip 4JLk^3 jjj 

> 

* *— (3 j^J — jLa^Ji I ryi S oLfcl>*j| ^Ju>*li 4 ii-pL^o 

O'* * S £ 

^_OA-P 4jiia^oJl ^t-3 43*\J| 4j>-^a ^JlP ^J_p| Ij ^ ~ 

°W'-’^* pl-lial iiL~Jlj t i— JjP — ti J-S aL>sjNl .>I.X~°! ^ylp AiL^aJl ‘ LsJi 

ijlj UIp t Ja^sdJL il ^*Jl 2Jj>zZj Ij . $S jlis> I . i— > jJJ»- (jL«-i 

Aj> J^£j> jA *L>ibU la JjJl £»l J^JI 43 yu> JlwJl ^-SljJl L~>-U J£- U 

|»j_Jl <uia^ljj <jj JJI Global Positioning System (GPS) *il j^Jl JL,Ju»cJ 

c>° £jj Jij* o* Cj* W-)^. cr ^a*- ^ ^ 

. oUla^Nl 

- p 

LJl ^-1 jl5Lu j| . iJ^p 5JL^o _, J5 

<— p. ^ ^1 1 LJl songlines ^^oLxp Ja ^ ^ ^-_* ^ g 

Jj 4 JaliJl diL oLolJ^I ^i\ ^ i?Uj 

4-J^p! 4»LLo-t l$-L* J5 4 p-l jjJN I o J j J_ jJl j ]p jU^\\ A>P j^j>x-/i L^Jl 

o^UJl cl-jjjJI illS ^^Ip j ^ai 

4wL»X^jJl oJjwUx ^ LJULa <lLx 5" Jj>tj o I A^oLJlJI Ja jJsl>«J| a J lA l 4 . .1 7 j 
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1 1 AjL.juM ^ ^JLU | 


cA (* 4-^1 t^~A •^l-U-'i/l {y> Jjji £jj ^s- a k a il I ^ d~c>- 

t^-A>LJl ^j-~~-» <3Lw» L»j t L ijj oil jjl y* Jj t (U j 'j .. /3 . :J Lai j) oil 

d»> I ^w ^-^»- l I Lj L^_> 'y wU^J oJU >- J aJL*J ‘JSltj 

«* 

\j~S yte k>^ y U*- jj& ai ikiJl diL- oSf tjJUVl jlSLJl >j 

'y <SJuJ\j 1 jUL*Jtj ^_S* Aj ^Jl>«-> Lo ^ c 4_jjU Lids 

c e5r^J^ jr* oU-L^> N iobi Ikjiap- j ^1 jiNl jl . Lo jLa>- 

X 

• j^L^P -k>- Aj J j>tX] Aj3j^3.\,a Jjdj jl * ^oJJ 

o\ j-k iubjJt J* j-k>Jl Ji'jJ ^ 4 O y>- y> Ul J^j\ jjj dili £A J 

*ft 

jh>*j ( y >Kj j * ^ j-^j jk£-l ilLwa yt ^IsCJl j-w>tJJ Jjl 

^ «• ^ *• 

^ £ 

-A" t >“ — tJ £*'jA' Lr* Lr 4 '-r^A AAj fjA ir ^ uA^' 

Euclidean y +>- j_L>o U j! 4 Newtonian Space ^y j-J 

. Space 

• jr^j-^ ij^' oj j . 4 .) l^Jk oljLlpNl o Jla jyidj j 

X 

4 jr*J oJj> 'j iJll^l iviJj 4 — . > l a:: a JIu^j yjd 

4 Is * *,/? !L Lo 4d*X>" o«-Ls _ 3 *Xp (JL^aJduL _ LJ ^u Ij L®>^^Ju oJu>- ^Jl oJus>^ 

. ^Uau^l jl iJL^a jjfe ^JcJlJ (( U l a a U jl LJLp 

U J^i i Lklic-I _^i t ks-^W»V 1 J:Lwj! ^ U^J 4 dUi 

* ~ 

* jr° Lis3^J Ld? j 

c^i j iyj? • \Ji>- 0j^S I d~j ( ^l_p Ljj J-5 j Ixiaj jl 

jikoj 4 i — i» ycK» * J i^ko AjT ^U J>s^j| JJ yj 

. u oi> j^-u^i yi 


J t lLU^ I^LqJ 4 jv-jo 

j^^Jl g’L /g. fl l L Ld’l-A j\ jl^j 4 <r jjjJi j j]& ^3 <Laj\ A^j j!5 4 auj L>- 

«• 

• oyikjl oUjJlj jlsCJJ ooLJt 
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A j ^j^LutJo I *_L>* jLLl IJLJ 4.iyg UJ I J^wnLoVl ^Jl>-| ^3 
’ ♦♦ *• 

** I c £ 

^.r-i oiiJa ^w>l j jJ. JSJ . j J^» JJ i>ws>l J 

^ ^ J*"* ^ ". * r * " " ^ *^ 0 ' 0 ^r*^T A. j < jA 4jLsA< l ^ 1 * J . frjj -/Pi 4^* - n i J ^j l , 5i 

• *io«saj JjLJI 

• e -^j J^ 1 <J1 ^r>^s tOjLiLl ^L*1 aL> ^jlj^aJl ^JLaj 

^ <S\jb\ >\s >- 1 jji IoX^j v^j>- jLSjVI c— d)t Loj 

t^jT~ > ' ^S' j^j CP .oLkOo'V b IwLj L^^i-P 4 j>“L^2>j f j^/3 la L LoJl>- 

Col^jLil Cools' 0} (J*L*Jo £jlj*oJl J>l> 6J La iJlA j u j -/» I t ip^u i., Jjl 57 

■J? 

jLiSll L# if- JaL- Ji U ‘ jj>\ ^c- £-jlj^Jl Jc-L^Xj di!J5 

> f. 

^jL^J 4 LgJl li-fc Jj* . * j-vaJl ip ^ c-OjtiJ ipj-^> CP OJL*JL>li 

J-! I*k>- 4jj ?C-J43 jZj p yja J I ix»JM jJ 4 * j-y^-i l 

• ^LJl $■ 1 1 A^j c *- ^ Q JL3^j 

♦♦ ^ 

jLii 0 - * 4 WWoj~^ ^p ioL>-^AJ 


, * j^aJi 


•* & i 

A*^> 


i^>>d 


‘Cr 


Jail! 


*dai^ ^jj( *yjz JL J-sAXj UJ ^pLljp! l^i Jgj>Jlj Igj! 3 yiJl 

£. *e ^ ^ 

Ool jl wLA 3 4 ©.ApL^dJ A-j>c>s LLuj O- jLS" LoJ j . ^ 4jI Jj t *^\ ^ 

A-^-*-Cw0 c ^ j >^ ^ 1 as* j** ^*>La 1 ^>-^/l oJL>cJli <. jjo *)! I ^yo ^ * y~~ (j I 

t Lg-U^J ^JL ll ^Lill olwiSj oljli JI ^V3 oJLilo^oj c JjjL*^J| oLciJL 

,/Lll j-»Sf! 01 Oi>j : i>x-XXj ojv 

300 1 000 ip-w I 4 JI vJL 

♦♦ 

L»Lu oSfl xij l»l . LLij^S’ (J0>- ^yi j-0 £jlj^Jl jji 0L>- 

Oe-x^' u?j^. Cr 4 v-^ 1 (*>*i 0^ V 01 
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oLJJl jU jJLJl Jl*S~S 3 y* jJw^l ip W"_J jL'Ai'b/l JOil — "y>^SSJ 

Jj J»-SMj tiJLlJl J _^xJL5 100 i 000 ip^^o l*_AlJb>-l <up £-%i)l L^AjLi-l 

( UjJl* c. *ijl *u_J LL^-j . i-juJi JJ 200 ‘ 000 

. (3.2 JiCtJl Ja>\ B S jiA I J A S jJl : yJ jJl 

y-» j-fi tlj/jt-S’ 300 t 000 ip^-~j J-ix£j e*j-^ £jlj-*Jl Jjjj ilj 

j jl ! 4-JbJl ^jLuJLj j*- y*-> jl L*p^ L<>_a ^^-AJl cr^ ^JiJl ( 2^ J ^ 

_ 300 1 000 J A SjJLJl ,jl i- : — LJ/^ 200^000 Jl Lp 

t (200 c 000 _ 300c 000 J\ B S jJl Jl wJl C/j IOOcOOOj ;(l00 t 000 

jl UoLLa j 4_wujjL«Jl LaLloJuL) ,_jl a I g ■■■ 'l i->j-wjl ol_JL-*Jl y* IJLa j 

•* *• 

ip j ** i ^Up (J . (^^cJl LgJ^l>tjN t*j) ^jiaJ jl t -|.||liA J .-‘,/^M t V «0 Lp I 

* 

<J-* ip^> Q> ^-^4 4 <y* c^i 

(Jl ^1? ^9 UJ I^LS >X^U-<*Jl *L>^iJl oJjLwJ Jl ^1 ^cLUJS ^j-^-Jl 

?U j z Xfc*j US' L5 t ci jJl 

jUx^JJ jiUjc^Jl Uj j-s^J liij diiijl p-L^SJl sJljLwI Jl ^JUaJl * Jr 0 ^ 

Jlp-I J ^3 j-4 JlSjJ-wo CCJiLkjl j-Us . c— ■>! y-^2 ^J*P I ^j^SUj Jl Jj Jlojjl J 

Jg j ipLJl jJuS' 100 ipj^o LjfclJu^l c Jl>-I j Ji> c>3 

•• 1 ^ 

ipLo IjJ** j-Uo Ujjp asT dJJii c ipLJl ^ j^a jJLS 200 ipj^j 

** ♦* ♦* •* 

L« . jZajIlS 200 ioUJl j jIa j-US” 100 cj-*JaS Ji j^jj'yi ojLwJl J jSJ <uJoj 

*♦ 

^ >Mi SjLJi Jl ^jLaJI ^r^l ip^ 

p p ^ 

Lw^»vJ 1 1 ^ wLp^J Aj I I l ^ 

ip J ^SJ j . 1 00 — 200 ^1 h j^'y I ojL^Jl jIa j-US^ 1 00 i^Lwwoj i« 

Iju j tipLJl jZa j-LS 100 ^ J; ys-^yi SjL^Ji ^1 i^^jJL ixj^Jl ojL^Jl 

♦A t* 

. C-^l-P ^wsJl ^ ^Jaj cili JJ 4 4*w*jj <J^°J^^ <• C^UI^aJI ^ jJaJ Co li ! ^ilaCo 

^U-& ^9 JjSJ Jl (^^Jl U» 



39 






.3.2 


^ U/^ 300 c 000 ip^ JJ^_ cLkL Ul 131 c4_b ^_JUj 

200 c 000 ip^ ^ >Ml J b/^ 100 c 000 ip^~, U»|jb-1 ^ jUoJ 
b/^S 1 00c 000 j b/^5 200 c 000 ip^ y&ZA J1 OL^u- U^ls cb/^5 

• ^ 


l - c g 1 1 L«_*lll^i ^ <Lj ^p (_j y >~ ' 5 jA oL>- jiLJl 3)1 ^>p 

M oil L_*i IU/^-3 300 c 000 <jt ^ U*Jl L_jJL 

• (^j^-Ml L»aI.A>-I *. .* ■ ■ifj^li -iSj l)Ij-Lo Jj C C_~ ^-jl^oJl Jjla'-a <j l . -)>»i l‘.t 

31 jj^JI ^1 Ji ^ ? abj^l aliJ ft ?jU/Ml Jjuai j! U J* 
fUl 4>- _^J Lf^rj l^w2 j dU3 jl Ml ! jliMl j^ju^ ^^Ip ojj^^^aJU 

?MI ^ ^jJai ol ^ olp^Jl oL ^ Ik^Jl yk U il 

Mj y& Lo jIajMI 4j J-3»j La ijl® 4_JlP ^A La^ j^aMl j la ■ 1 1 1 j 

*4 

. p! jjfc 


« jZ+S' ^bJ! 0 j^Jt ^ pL*»L*JI <^>-\j jJJU! jj* ^J! Ul& olS* 

c_j jl>tj jli'i/l <£ jij ^£jJl JJjJJ SJbjJI <-3jjC ^ jJlj 
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ip^ oLo o ^So oi^ j ^yJl ^ j 4 Michelson-Morley experiments ^ j j-* — 

W 4 * *- 

5u jUai ^ Ulj bU . au- ^ £ki 

JL3 ji . l$Jl jUajiil ip iiL^L 4 —« ><J ilu>c-oJl 4 — d .*.*. /? j j ooJ 

^JJLlo < 1 )IS iS* j->tJi iJiuJl j^l «/? ll * j 3 1 01 0 >-j 

. j *,<h ll ip^- olJL>~l jj 1 = 1 + 1 01 ^^3 4 oA^>-lj i 

aj>*Oo c ( /j_p ~Lx_0i <=La.^<>.P Aj>x-JLXj S'Oj-uaJl O-p- c— ■> jL?oJI 0i-L> 

. Loj.} l^>- 0 >Ip i^Ls^lj J5U3I ^*-v?l ^Ji ^.Oa.l.^J 1 l^oOlj c-w^LJ 
ij^J . iJsUJl taj*> Jj _+ ^ '-^A Ja- -Aij 

• tf fr 

_ La ^cjIo j%-Lp ^SL> /yJ oJ-A O jJaj ^LOJu I 01 4 — ^>tP 

* , <r * * 

OJOJO . 4_^jL>oJl oX^J 4-La Os00>~l ol jJLJ j-lS*l LLjOa Lw^]j 4 ^Jj J-* 

— 

• ®j+' <Jl £yrj^. '■+ ‘bH eS-^' J 9 ^' 

. ^_JJl> 01 L^Jj, o 4Ja.^i L-LJjj-S^ oLoJi^ j^Jl oL> JoJ 

1^ JlP LJLuj j 5 <J ^JL>cJl ^l-O0 J^Lp 4 j>* 0-^2-^ s- ^ jlj-^Jl ^-Lia_> Lo JJ^P 

300 1 000 ip^— , Jio £jl>Jl Js tU/^S* 200 4 000 ip^~, 

Lou ^ jJlS 300 c 000 iiL~* JJio ^ SA^I j iJU ^ Oil . U/^5 
01 ^lu^vOi . 0JJi5 <c_p Ijljo jJLS* 200 1 000 iiL^ J-i^J LLJj jij t op 
jO j Lo I . L^aLo I j^jo, jJuS* 1 00 4 000 wL*_j * jwi J I ^L^-0f ^ j-> 0^f I O-Lu j jS 

J^io s- j.,^Jl ^LjOi ^ jJ 01 N LJoj j5 01 j-^-9 4 oJ-pOj ioL> 

ULJ jj5 ^JlLu Uop ^50j .(4.2 JiLlJl ^1) U/^S* 100; 000 ip^ 
Lo Oil. . Lj / p-S* 300 4 000 op ^ oAj> j L^JI 4 s- j_o0l ip ^ ^Li 

^JJl Ua>Jl 


«• - 


01 ol ^f'Jl O - ^ j 4 opL>x- 0 j Oj j-op olJJO Lw* 

ioL o^siSjl liU OJLSi 4 J^>“l j lJ>-lj L^j^i N Ji ^j^l 

. LJ-uj jS j^il ooJU ioL o0j ^1 ^J L>j 4 ^jlj^>Jl ^^1 00JL 5Jj>*Ij 
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(Jji t i t i u l jkiU.1 



.4.2 JUt, 


^ 100 4 000 ^Lp *yjsS\ ^U_j, c^jU- JLi ULJj^S' oJU 4 S dJJS ^ 4 ^ ^ii 

jl OOj^j cJ j}\ iiLs-wJl C^4i UJ Igil Nl 4 t^sUl 

cJ^J! jl5 ISI C >T ^Coj . (5.2 J54JI >;!) 15/^5 300 4 000 J^JL oJl5 

^ 43yc* ijJ^P lzS4>l 4 <5^>- 4 JU- ^ J-s^l Llaj 

4 0 Jj>-I j ol 3 o jjLfCj* 01 

£ 

• s'yy* y* £*jri Lo-i ^jL*^ 

tlrH ^*^4 o-L>-!j 4oC jj jA Oj-So UJb ^ Lv2->I y>A ^LoJ jl ^ | 

j j4 <^I UUj jjJLSl 4bli> pjlj^Jl 

* p 

jl CU-^uJ 4 LpJL^j ^jJl jjb t /ilS'-«Jl cyj • J-*^JL» 

di!i cN LlJjj5 ^L>l j^>jLS 100 1 000 ^e- <-yji]\ £U_J> 

VI l*-*; LUjjS Jiu; ^ ^ J ij^jLS 300 c 000 4iL~« JJ£I Ji ^UJjl 
o\jj U Oj£j Ji ^(jjZ jl LL ->jjS ^~s- liU jXJ . 200 i 000 iiL~« 

015 lilj .(6.2 JiLiJl ^1) fS 300 1 000 U Uj^5 ely 100 t 000 p;l>Jl 

ce-b-lj iJtf d - JtAil : U ^.L* LaJ LJlJjjS' jSUxj^i nHJiS’ jJy\ 



j-ucjl 4jfcj-44> ^ 
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*00,000 km 


Hsr 




ip^J t Lf— Li jJ Lg-«Lol jL. 300 <. 000 Juu Jlp jUsi 

<y 300 tOOO ^ L^-Lij LUjj^ yH ^—xJL> f-j-sAJl 

^Jlp 4 la« ./V.* jJuJ ^LwvJ^-^l ol (J^j ciJJ^ . 4-oliJl 
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^LLulUjI 


y* ju^-i £-iaJL wi?i jiyi* oU-^jj uVu^-i (ji J la 
ojJSj jlj c bibjji' ^Jl i~*JL jS\ *-Lj j^jjl jl jiL Oii . U^ ^jNl 
ULi LaIJz*J jl^jVl Jj>*ii 4 1$j ^jUI ^Lv^-i a^jJL AiL^JL L^L^I 
* J+/3 ) l ^'L*^ jLSLs o*Aj>-Ij Ao ij S' i i •“' ~* ■AjI ^iaj ^1)3 . * j-vflJl ip j-~J ljL>j j 

tjil ^ u>j Jj fcUj^pUt y*jLS HXhOOO 5iL^^ 

j-LI a5JL>J|j . LiJ j jS ^US ol jJ ULb jl*jI liLwa olio 

a-L$LJl<J! 0 -La j jj d)| J_*_a!L Lw?Lj j 1 ^ aJL*^w<>JI oju* oJJL>- Lo LJ 

'UiJ^ 1 0^ jr* 

^ (»J ^ (, aL^,jl^«ji o^-^c-o 

fijlil ^ip dy>^\ 1*1* Jl 0 ! U jLp ^j\y<J\ jl Jlj-<J! 

1^1 LJ 4j 1 <*— >-^llj ! ^ J j-<j-*J| I 4 J >» JLAo jL$ 4 ^JLa J uo jJ L 

5* 

j^ll aLaA j-y^l £jij-oJl oli 4 a! j^>tJl Aju^JI A~wjJb Uajli lb . 1 

jl5J ( _ 5 x>- tp~. Ujj S-bl^ oyj Ji ojlil jXJ ^Js- t jsli 

. jii^yi 0 jiz pj */s~ 4jj^j>t^ji sl>ji 


<r . * * . * 


^1 Coll ©‘-^bj oJaj^vijt JLS ojbLI jl dUll 4 _jL1j 1L j 

‘ Uij* L^ a! jj>tU jl bL>- . AjUs>L>- APj_^*j j j_>tJ J LaI^j LoJlLP ^ 

•• 

^i-A ^j^UJ (^7^^ j%Jj • 4 Uaj ^51 ; 

4 jliVl I j^-b />- 

44 ♦* 

• £ *0 aJ a5\Jl » |jJa^?l ; jJ 4 ^j m 


1 > f 


^jU 




_ ♦ •* 4 •• ♦ 

^^9 JLA3 


p 0? ^ p 

^v2-A<>Jl (Jlwi>Jl ^3 jL^> jl u^tj jl5 Lo [l**s> jl ^-*^1 
j b l l jLojJlj jL^jjl jjA (jjj.5 jl5 

— . j — Lo 4 — JjL>itj jt-wub LmSLjI A3 j 4^ 

LSjjlj jLajiJ Oo jJlj ^jJJa^Jl c^ijj 4 l 1 
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A>*_JuJl C~*w» jjj . l -o - fr l o y 1 t j- a 

.i^UJi A~-Jl Aj Jiu 

%• « **v * 


(*-^ : <>r^ <1 ytj*^ 3 . W^*i ‘*j~a j' >*-U ^I^jI J^- ^ J^j U-Up 
y>i> Xj> ?o.ig5 <jl I^jj' 'i j* • >* ( '-rij* y* 

jJLxJl Jaj j-*i U JjCL*»! jJ Ll^J . 4 j-^ cr*^ 3 J-**-" ti ^~ a 

j g la t ^ 4-aJLl>c^s <_£ j3-l oj <jl 4 1905 a^u aJl UjJijj 

. oL*JJ 
♦* 

\^^jj3^o ^ J~la a \ ^3 li ^jcL— w« L»JL>- IjL— ol ( ^jLx«wJoI <ZJ ^-Jl c-jL— J l (1)^ 

i U_- Nj »\3l\ ,i SjU : LLfci ^ jJuJl *}\>\ jtf J ^ 

^5 ♦• *• ** 

^ _i ul— Jui ^ LaU liLii-j ^ j3-t ojIj J^L>*_jj 1 1 ^ * > n-j ^l)I oLpj_*^ j-oJI 
t<UL*JNI o oLS" .S j^o (Jjl UaUJl ^Jl Jj^-jJl oUL>wai 

<xjL-JI J olS* Ujup c 1896 aJw^ ^3 <*~iaJlj 

— ** > 

. oJLP ot^wwj iwwJ>- -Oj^ ^J^.3 A^^s>- ^J-P t 0 J^P ^j*a "s jLs* 

* ** 

^j w^y -a 4j Lj L,a3- &J 1 A_mw* 2 j y , ^ i Ui LwmwO I >1 — 4.yOj 4 jL 5JL^?I ^ll ^JL^j 

OL^i ^j^ljJi ( j-a 4-Jj j J a^j (jl^J • cr- 1 ^' O'* 

J AjjiL-l Jb4 oLJLSC,) «jlJu *_JlS')) aJ! Jlp _ jL^S/l ^ aJIi^I 

Sr * ** - 

£-a ^Lv^L>- ^TJ A-^aL>Jl ^a JcXj J . (ocaU>Jt 

jL^Jl oJuLxNl jl^I jl 4 Wt^ i^*-aL>Jl i^L^jVl 

^ p p p p ^ 

| ^J lS ^ t ^i»P ^1 o I A^x-^»a 

^3 U SL*Jl jjL*-a ^a c-3^L>- 

« . i ys]\ j j Lsi\ 


✓ ^ 

JijwL>-a ol jJ . li^<wa 0tai->eJ <LoUl 3 

k_->L>c_sA>l aj&Iaj tk*'- <> -! 0 JJ-*-*S j-iil r'j'^'i-i 4 j->«-^ j r^ uS ^' 

lp p-UtJlj aJ Ul N oL / jjj AJM jis aJU- ^ ^rrr'SJ • ‘-as 
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jjl \ ui ,ul 


jLiJl yl?wj! v-iijJ ( _ # lc- A-jj J^>o jl aJLc- jl j t t _ y w J JI XjwsJI 

♦♦ 

* ^->bi *L*-L*Jl yjj aJL^j 0 jj\ <^sS jJ j . 

> * * 

S^SsiJl <U~i: ^ U-J-.J i\iy {jj JS ^Jj . % AjUj flSlI e_U ^jJj 

** ' f w ^* - i ^3j e-ij^JJ -Uili oL~~j} <uL 

*• 

<j^i y»bLlol ^ ^j4>Jl J5 

J^' y“ Jwo^Ssl^l jl J-*jj t yM Jl*j 

t^^iy^l] y-JLSbU Martin Eden jJul yjl* ii j j-*-Jl AjI j jJl j^lJb^L yJjVl 

'-‘H tJjVl ^Jl cr w3lS'Vl Ja^jJl ^Jl «' c5r ^o Jack London jJjJ lSL>- 

•* «* «• 

* £ 

j' 0 ■J k ^’ *L*JJ ^ jJJ.i yo M Jjj . 0 ^ k : -~Jlj JaL^jdJ ACo.} C_^-JLsa(! yo Aj l - . a , ><>7 l 

Afc-^ljJL* A^-Jsj aJ J->e-j jl O^UJl ^U y* A Jj>-I ySboJ ty>c^Ji 

cpb* <u!p J^J jJ Bern j^o OJU yi pI y>-Ml oU L* <^5jp 

/ * N ‘“- 

♦ ,jl ao j-k-A-A OulS ^^*JI jl jL*s£>-b aLa>J| j . j>*j* 

* 

jr-^ <^ 5 -® y-^3 >s — 5 £-<J oliJL ^1 yj>-Ml c-> '*'j-» <_r® 

< '-Lo-P sJ^*_Lj d)l ~Aj L«-~-9 I j-s^>L5 ejl.ll jL^j £ yj j_J^Jlj a_**oL*J1 

> ^ 

jrH jr° *U^b>Jl A t w^jJl Ajj-iaj A-J £-1 j ^iJl CU3 jJ I ^ t ^yLi^jJl 

. Jli U^9 Oly^ wUj JjLJ^jI Jli ^ycoU-Jl A iX*aj l^yJj . 5 w^t5 ^ y >- 1 

^ > 

C? ^ C^J^I ^ Cojj>cJl Aj>-I^V oL>t3 ^-^.^.>eJl A-*>?ljjJl f-L^Jol JLx-j 

A-ol Jvaij aL^lajj ^ya JJlj ^br ^1 aJI Ml . dIL -1 J^ji^ 

jls* JiJ . Haller ^!U J* ^1 yi-Ml oUly y5l ol ^ wl h dJLli Jl^ 

c-^5 yiJl Jj>JI ^\ jm- J y£J toj-^-jJl yo 4 j>-j Lw>*j iliJl jJJi _i 

«* *• v; 

® jr^^i J^>x}\ yJj L t Ajj^ Oj-*lou 


(^>J!) .1876 — 1916 (*) 

tj^i ^ 015 yJi jJ 4j| Us-'y (♦*) 



P ^yjUJ I 
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a s. 


jj ** ^Lp l*Ajt^ ol 

* » fr . e 

** « ijja^s U J^r jX-> Ji £>>«J O' 0"** 6^ (> 

jj6 t5j^«Ji i *-w-i CijSi L* Nj (, cJ^S o il> p «« -< ^-b 

f J* L^' t/. ^ (J^J ■ ^ ^ V./ J 1 ^' us® 

^jm. J <ul t <ui>- Jl>- jJl ^ijj ot OJip ol£ ^jOl j-^ l#® ■ i_5^ ^£*1 

Lij_0 JbJl jlibJ Oja J- ^JJI ^LlJL-J o^Jl jl5 JliJ cJ-J-j a>~» 

J ^ Jlii ‘Suip i^UJl <~~J\ pj ^1 4 xJULo c^ii 

jDj jJL J j^I a] y£ S*j 4jt LgJj^S j^S (^JJl AJL&* *A Jl J ^>-N 

?JjJ U i*J LL>- ^L^jot iij.il Jo* . ^-L*J! ^ ^L^>! jUi^l iujiJl 

* 

(jJU^ oJU ^ill j j g - ' jS JSj Lg.: aLI Maja L>-L* <cl>-I La 

«* 1 *• ** 

O^IJLJI ii^waJ! dJULs ^ Sjj^Ji ciu. ol f-M : ^ 

. Ijji ^LoJLa'V \ j-JLjj oLooNl ^-P £-~o I j (3LLu ^-Lp SpjjJLoJlj 0-*w2-ll 

I ^JLp Ju®Vl <w<ol>“ N jJO^o IjJLj o*Li*X*i 4 -^jL*-* 

ilJLp^l LgJ j»J LoJlLp <Lstf>L>tjj 4 La j-*^o ^ ^JJI j-^p C— *^aJI 

Si ^L^JbJl JpL^jSM CoJUJLpI SI 4 wL*J ji ^ Aju>z^ i a]\ ^ SJLJl 
jt J^-3 jLi^Jl j^j ^^Lp ^ jUii>^l 4^b ^ 

4^3 ^^LL?J Planck ^1-L^L ) a-^-%3 9 ^-Jl 4 L— *» il Ll ia> ~ *»jL«^o1 '-aLo 


t^Jul j-^4^ N[ dUi t-j yu V Lij^ ^ '- a .S 

ouu ^lp s,i j {Lj oi5 a; 1 y^j v*vyi ^ i> ijb-i j SUa il> <;1 ^p « 

<uLJL>xJl a jjfe L^ajx ** <_5^L? • <uLL-j>- l$j^H S-LoJl 

«• •* ** 

IL. jit oUL ^ by~Ai ^LJI ^JA *\£&\ b\ xJ»\b~ iU^pl i! L-j»t 

(JlJLol ^jA S— ^ ^W«i aJlLoI _ Aj jiiJi eJl^J _ JjL-Jj t «^^L*Jl il j-sVi 

^jjL» ^-Cj 0 1^15 L<w^ t ^ -wjL> 0 jj5 j\^ ^J-*-** ^ -**^ 

i*\ frlSJUJ aJjloI ^JjcaJL) ol ^3 Uj&L* c^— *Jj . ^jjJl o->IpL**i 

. aIs I- , -^ l> ~ I ^ Ixojo I Oj£j ol Lto" 


(*) 
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LI 3-Lp jVl LSVjJI ^a cLLL OjISj . aLp 4 xv ^ *31 JatiJl jjx, j L>x-ws3 jj 
/V ^LiJl jJLJI 5 yip CJ15 *5 J . jUiiJI J^ JL^o oij Ji aiJLLo 

' x" 

P £. 

® • 6 j-v2_P ^Lj^ j^iapl wIp-I pL>- aLiP JlSj 

t sjp j (j- 0 3> Vi ^-*-j lls lv i cr^ ^ll^joI oj j->-\ Lo oi ^-ii /i j 

tf '"~ 

Cj jUaJ . J)LojJ|j oL^xqJIj c_j2j jjcJl >*Sj (^LLj ^^JLp j 

LuJ Uj t ^L>o ^/l ^L>*j ^ c^IaLIj jjliVl ^ o j^Sj 
Aaxwv***J| Aj^ LlJ oL"j * |t~ " ^ * 1 1 OjL^tjL ^ 1 LLl i -9 1 <L>|jj ^/a i~ . g ** « I ji JjS\ 

Axs-^^lJl ALJ ^j-Ll — LLi C-’j-SL U5 — pLj_olJl AjL ^ oJL«_*->j b j^rS jlol 

o«^ tcJ^Vl ^UL>J! ^3 a*^v3I ^m-J Ija ^>LS' jlJ-o LIj Lol . La jl>- Jl <w?l>eJ! 

. AjjiiJl oJ^J Axv^xJl Lx>*>LJl ^jLJl Lw?>w> oJlp| Lo Jl jj| ^Jp j-s^al3Vi 

Ji N oliJI ap^JI (!)i ^ ^ /VI a^I 

** ** 

^ j^l Ua»I — LjSLl ^ LtSLoj uUj ^1 ^ ^jwL^pI ^J l 

LfjJ-^J aJUaIa Ap>x_Jo LjJl Vi tlS'Ljl L3UJI -Lx-*^jJl Aj^iaJ ^oLo j£\ /jl?L 
ui jl I ' LI ^ J g i .*« J V US' lil ; L> Lo LJLJS oLa^jj .^^L^Vl 

Lr* c/' iS^ ^ ,lg.I,^j V LvOjI /^->iJw9 4 Aj>c_^nJ 

iiwiJlj ^^A A*Lv_*Jl oJa oL . g-j. va . i l AP V j^xPj L-IpLv2j p J-^J l 

Lv2j1 Oj-SL^ __ L^xv_>j L-U^ oL” jJ — . Si ^oJL ^ * j Ljy • * j l l ^ a „ <? < 

Lp j-*^I t> _yA pj. ^ )i a S' j^i CxoLS La Vj_ 4 . ^v^l-^Ll a^ww^jJLJ LiVL*“ aa^_*_<o 

«• 

*« 

aaJL^) Oj-SL Lo I j^lS pLjviJl j V LJJ Li t Lo ^p LL-L>J! oJla oju j 
^’LS'j-o jL^«LL clL->Jl ^^L®l ^jJ j Jl^aJL L»| ^jj^oVI ^Lia 1 

LJJj-s^>- \ j^S V t A-^wwjJj LiJaft ^ P J-L 2 JI A Pj-oj ^>-L» (j ^a j pLaLJI 

«• 

i^Lw sllil ^-oJ! b\ j a LJ! jjUxJ aik 

^ niJJi Obilo ^yxJl iiLS3l iilkJl OULuJ 

• /j I 
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LgJ j( <-**** cT 5 ' <J 'y' ^ 

** ** 

P P ^ P 4 # - P 

L 4 JI jLsA-?*“ ^->*-j J ^ ^***^i ^-<r ,i: - J ol ^j-L*-^Jl c.r^ * 

* 

<.UjJ> ol J^> 5iL~* Up Juto tC^ J J.U.: S j5 j.*) Alpha-Centauri 

p. ^ ip. 

wjl o! ^ . - M *, a-* L^wCt ^ ^ ^ A A JW WW ^J AjL-o u-jLIj A-Jj^ s — ;Uo aJj>-j 01 

^ ^ ** 

^1 M Jj ^Ui U\ Nl . <st) t yr ^ j&b Ul^ olfT U*. <. jiJUC Jit Jp 
«• *• 

ajI^J ^ J *Time Dilation ^jJl 0 j-fcU? aJUJ! ^ *3^ 

** 

*L*aiJl ^Ij j jU-pI ^o Jil jJl jjs c^l 0 j Ji J jLi j aLs- ^J! 

^ p p 

j*loljj>- ^^2_*_) ^j-®j dLta LwjJj ( *-£■! W*^ 


. JS\ N JL>Jl IJi* y>S/l jl J J)1\j . J'AkJl 

$ p . 

^ j^LJL « J jLjuJI jJu ^ iJl 4 UJJ ^ y>tJl ^ c 5 ® j-* ciLSi 

? ^y y£Jl j*JL«Jl ^^Jlp ^ J-* L^r 3 y»N( 0 <jl 

^*^0 4-i jJaJl ^JL*Jo ^ aX>-j jj^sSSs}j 4 Ll> J . /? .i L >-l3 

4 ^->L>jy c—>ljO 4jj>“JJ 4 Ay J| «/2 1 I I p (^yia-o Ij-A ^X>e-5 4 llj j^*-° 

* 

o! j^Jl Jya o'yT oJlP O j-^-wmJ 4U^jJj?- Jy^ail ^J. Ay^yijJ^Jl J*>Uc^l 
JjU: Jy’jJl ^XoJ o jA Ui l)I ^L^jsJL 

aJl>- jJ Jby 'M ^ c C5^ y~* ^LsA2 -aJI ^Ijj A-^jJL 

. aJl^JLo o ^-j "rf.) l)I 4iUb g- L/j a l l 

La^ jJL>- ^1 A-w>- jJ jJ^dl cJa-W> jli I aJl$LL<JI iiU-Aj 

L _ J *■*» J 4 fr jj -/^ 1 1 AP' ^-*>* LL|j LjLa^ aJ^>-jJI 4— ^2 . 1 J g j l^ 

^yJwwJl O^T Uji aLUIw- 4iUi l/ aIjLa oUL^> ^Ja3 ilj jJl 

ilj jJl Jjjo J ! JjjJ->Jt ^J-U- ieUii J- 4 L$-! W • <_r^j^' 


w-al ^5*>U i g*.^* " aLaaxil 2>\jj g. J*~> *^44 4loJU-Jl ^JL^aJl Jlie-1 ^-a 

ajl Iy^P-i • -U»-l 4-^ 4~' *4^ OjP <C-S\^« Xf> j^t ^^vxslj wUS 4^ 4 ; a ] ' 

• _r4^' jj-* 5J> U i ’> j 


(*) 
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(jjU Mint 


U iJL-wJl . >■! , - r SjS «jL>3 ,>• Oj^-ojo Ji ^1 

cLbJjl Jj £ oM ta>- ® j-^1 o J la o j^sSjla c-oIp 

. l$Jl 0j-<^ ^Jl ojU^->Jl jp ^UlS* LpUa^t ^L~jl i\j ji\ 

f* 

( j- a j-*-pI jp ^jjJ tata-*3 ^-tajl j^Jl oJp Jju ^Jj>tj 4 _p jJ taS* tali 

^1 UL>^ o jtata jl t ta^5 ^5 ^jp juclJ 4 j^^-> * y s^Jl 

^ V p 

L.i. tf y** 3 ^ ' ^ ~ i <i /? iSl ^ ~ ^ - -.*,- 3 i j 1 ^i w p L>^L^pI *■ ^ l * - & I 

UjoI^ j i ol^Jl JiV I jJU j JA ^Sl Lj>^i 4 AJ j&\ JL A, IjJ N 

• _r^' eSP-^' 


i j5j ^ y*^^. ^ ® jj- 3 '-™! ^ j 

* <* 

<ltaj->*-ll (^ ^ ,j^?jNl J^i-P oL^>*Jta 4*wJM 4 oi JL*Jo ^ Oj-SsJl ( *y» 

* f. 

I«-Jj>- OjJj>T^ 5S j->ti3 0j ji ^Jfcj . {j* O ji ^3 Jl^-lj ^0 iiUo> .V* <^J+Ji\j 

. LO Ax>tWJ 


^>taj ojL^L j^Jl ^ 4.. r -^‘Jl ^Ji iJllli i^Jij 

.jL*jI *tal I j~o>*J! j j-^2jo tao| . ^tao'yi 

** ** 

U*p» L^i* ^ J53 01 4^ ju'yi JP bL j£J .pISj^Ij j^JIj 

<l)li diJ iJj . ol>^-<k-^ L-L-l 4^>a.l.l>c^4 otajJi ot ill jaS* 4 lj-«l j\ t^Ljw«j 

^Lp L^-jI jl iLysj> A^j,il5"l <Jli>-^J j»JLP j\ ^tavL>sJl ^3 (Jli^^l 

• hj& JJ4& JJ ^I5l oJlta JiVl 

>i^»Vl jlj 4 J-v^l jJL> oli^ otajjtj Ol£L<Ji (1)1 JL>ta 4 A^wsjJl lijlflli ULis> J 

<» 2 f. ■& 

5 j^}\j J^v^l j-l-1 4_S” jj>sJl 4 J U>tJ taco ota^aiJLo ^1 otawL^Jo JLs (J jJaJl j 

cJ^->«o aJ^Jw<>o Jl-o ^%^Jl 4 jL>jJl ji jjlp (1)LSn a . ^ i<g 1 & > l^j 

N j .iUjVl >Uj JjciJl) j ^S3l 3^ c^iUi5 ol5 bU ?jUj Jl jb^Jl 

•* 

4 jLoj ^Jl <Jj4>tij jJ obv-oJl o3/ 4 4^>l_wv>>sJ! objJl (Jbol ^»Jlp |jbl 

• jPl'j 



p J) <^ll 



Minkowski j-SCi* jlSOjj ^^pJu L« y* j *■ ^ 0 jj.^, 1 jj* l3li 

o^-Jl ^JUaJl jt— j j— ijj-Jl 4— i-j j-a j) space-time 

4j jJgj OLijJl^ 0| • (dOj <—+}S AjL> Lp^j 

Ajjfc J-^-> Jg - — J <LwO lLU^ J . LwwwwJ J-lg-J L*--0 0»-gJwP l^J^a 01 JuJ W 

** 

S/iiLii sjQaJLi 51 uis>j ^jj^ji j u^ uuLj ^ji 5iiyi j»u»j 

t* M 

jV AjlJb <Jl Jii>^j ^ (5jl ^>Jlj iS ^>J1 : JUJl J^ J* ly*) 5 jJS 

. (o J+S* j\ ^jL>cJ l]y>e~a is* j->- *}\JCo 6jl ^>«J| 0 L^-aNL> 

d*j jvJ t JJdJLj . Lq«S* L«J^ ^ i >xJj AiliaJJ <uls0l 4_L_>Ji 01 ^^Jlp 

. <cJj d^.-L>*ju ^OJl c-*zJi ^Lp Oid<»jL*_> ^Jj OLjjJIj 

^ ^ £. £, 

Ai^J>*Jl ^JLj dio j-U Lad ^ *> ^ -i^ ^ 0 "' ji\ (J jiailj daVl dJud 

. Jb-lj J53 L^ OUjJl _ jlSCJJ iKJl 

£J P 

d«>lwL>-^ ,^1-P (J?jj-Lj*j 0L»^Ji 0^-^-o-^ oj w 9^ s<£? 01 d>cj j^&J!lS\ p^aXo^ 

•* *r 

dj C^jISOjJI ^^>cJl A^OJSj J-*j /tJ ^^J>-^_U 4^>k»L^Vl od>-^JLs ^ 

- ** ' ** ^ 

Jd LajLjlpI julp OLojJl — OLS^Jl ^ a Li,;, It oJu& y ^JJt Jg>J! ^ 
'y jj^oj o^i • o Ll?- ^$s-^3 <lw Lo I J-Aj c c-^LSj V I 

o* cs^^j ol5^>j c5: J>'^ c5* 

^ *♦ ♦♦ «• •* 

jrjjR- 51 l^A jSjlj . y*J> j-^jj' £* j-*j 

5 ^JlP (jll»! — «-l5JJlj tJ jiaJl ^ N Aiaij _ (A) Ceorge Camow y> l? 

. * oi ioijji ajLj*- 

** %« 

Sjl ^Jl t^UJ! i^jJU S^^lj ill till Is^jS . Jt L.I 
•• 

gjA J <JjLJ aSILJI 01 til 4 E = me 2 :^ Jy cJI aJ^UJI 

?1$1sA2 i UkJ t |» ^Jl J jA l^JlxJj . (■ j./S ll AP 


. (^> J!) 1968 _ 1904 (*) 
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. ipj-w%Jl Jj>- <r J -* s & )j ip ^sa» l)L ULu^ U*Ljjl ]q * ijj 

•* ** w 

jl 5 151 lit <y>) Uko. aJLI>J| 6 Ju Jj> jUjJ! L*if jl Jl^o jJj 

6 ^-^6 61 ^JuLi»Jlj wLj ^L® 4 g-j) ,*,^? 1 1 ip j_^ ( y^>- 6 * bjld*«b 

'y LL^-l ^ ^ O^L— J /*“'* ^y^^jLxJo Lo_) t -,^ Jl fr^Ja-w» ^Jlp 

V - *» 

^\-ds*dCoi g-j) */ 3 l) 1 jj\^xj ^JaLwvj 

c-objl L 6 b j 4 ass* j*» I j-^-> (_$! t Lp jL~J <ui oJJL>-i L-^>- o— Id 

*« ** 

i«jt>LSl SjiJi c-otaj! ( JJL>I 6 Id Ldd ! ^jIjJI j^ocJL jl) aJL zS 

p p 

ipj-^Jl o:>bji LJld aJS j_a ^L_*lJol oJl>- j L»j . £jL~jJI o!jl>-N 

j-d! 6ld ! jl) k JdJb il j j^iJ! 6ld 4 ^^>iJl id i jj&liiJl 

Jjj Alld OJj g-jp.^a-1 1 ip j-wn L° ^--*->- c—> y 3 I Id AjI dUJd Jl>-jj . ^ 

y iy id Lr Ji i r _>Jl bid Idj .^d 6 l iJl^V 

j*Ai]l dLb wjJ^j 61 ^3 . a-j pjLwo tolj^^f ^ydj 6 jdJi 

•* - ** 

t c > " 

g j^dl l ip j** *cs» j** j^&Lj dJ-* ^JJl ^jL^Jl ya Jau-s^Jl ,yLd^M 

• IaJjU^o jl 

i* tf p ^ 

did . ^dil ip j-^wJl Jj>- il^jwoj g- j) */? ll 4 -p 61 

«• «♦ H 

^y^ 2 j 4 ^j JJ ^ 6 Jl ^^w>tJli ^ ^yJa^g ^P j^ol J jb>tj OjIj cibiU? wLbl^vJ 

6 b 6 g ^viJl ip jk^ ( 3 jr^ 5 ^ ^U 3 l 5 c ^JL C!^-*->o ^jJL> Ls 1 

.0^1 A 4 iUi d^i ci^Uil ip^ iJ^Jl iilkJl dUJu 

L« ^yL>\ jjLl^JuI jLSol ^jjJ L^J ?E = me 2 : iS*>L*Jlj Ula 6Li L« 

♦* 

a 5 ^Jl jl j^l <ul . JU^Jlj >LJ| A L . <■«.*> . ,) LwOJ 1 1 ^ C' ) 4 O ^-S\-J 

o^j tiU .kinetic energy id ^>Jl isUaJl LL^l 4 iStlaJ! JldLil y J^Li 

f j£' 4 lld ^yo Jj Jj dJjIdj lLU^ 1 J-> 4 4JI i? ^> 6 l ^y° i®LdL Aid £jA 


y (J jJaJl aj jdj tjbj <JldJij Oj^lt ^_y> ®jil ^jLaJ! *^dj (■s.^) 

# M *4 


. ajUJI J_aA)I 



e-j) <^11 
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tl) j5 ^3 <Lwyg^.yg >*Jl ^ A U » (IjwA y>- oj <C_3 Li? oL> j j_L? 

«« «4 

J5l0 ^1 Ju_pd IdtSdL 01 Ul ?i5 ^>JI Jt£dl ^ SlSdi iilkJl 
* 

j£d 015 U*.) j^hJI oli» iol^ Ul J yu*)} bUii t >T J5di J\ iilkJl 

?<uh5 ja Jb^ OJUJu UU (iilkJi 

06~d>- ^j>3 ^iJ <L1 jIS 0 Ol Ijbl aJ Ol V j. 4 IJL>- ^j. 

oU? ^Sl^o ^J^Ua-a Jaj j-O J«0 J.-LP j 4 AX\jS .ibjJ JJd*j . I JLwoJl 

y IIS ' j 4(Jt>- J5 ^^Jlp 5^5 N o^-w» oLj) UJ ob5 OJJJu ^b^ii i) y» 
*» 

^jaJj-A <JlJLo ^3j u ll ^Lij i» j . Lfis" iiUaJl (Jl^Loi 

E LU S^Ujj m ^-^j>- <Jo£* ol ^^b-JLol (£ y„ <* 1905 a^> j^o o>hj 

* ol 4 f J)^,^a]l 4.P Jj^) Qj* *** 


m = E/c 2 


jl j 4 *shS ^ \ <S y~ 55 Up iiL^J Jlxp <01 j_& Jji>J| jlLo j 

• >bJb jLs JtiUaJI Jbbi! J5 J* ^ dJUi 


1907 <LL^ <_5^ ■ OJlb 0 , ^ 2w ^ 0-*_> <LOjl j ^ 4jPjb 0 j-5o 1)1 
•• 

^X~~j dUS 0l5j c j»La*yi ^Jl e j]a^~ jiiLllIj JUj>JL ^y> 

^ ^1 iSUaJl Jt c oUaJl j a^Jl ^LJ ^ ^*>U Ju-l^J ol i ^ JS 
*• *• •♦ 

^Jlp 01 >cj iiUaJl J 5 o oJs—j JLwj! jS t i 5 ^>- 

: dU •> ^ ^5lj Jj 4 ih5 iiUaJJ 01 dJJ •> ^ ^5 SibJ 

e-^jd U^jI 


oJu»j ^ t> l^ ( _ r ~5od! j iiiiJL iilkJl JlSLil ^1 i,j_^- ol jJloj 
JLp cj. >. Nl t 5iLkJl Jl5Lil J5J ih5 id 015 ISI j . l^JLdj ^l^dl 
^ J5Ld Ui5Ul <jj~2 Oil Nl ?U^I oU» Ui5 JiG 0j5L 01 dili 
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till Sj^5Ul 5ibbJl Jlp !jl>- Lk^ SUbu IJL^J ?olkJl 

: IbSl lulls' jUti 


E = me 2 


y^oSJj o ojla .X*J o jjfcUaJl ^JLp ^aj 

' ♦* •* 

jL^AJ iLl* i5}U)l J . 0J >_ U <J ^JU <c^J cp.^1 J ol j>*j 6 >t 5^0 

t a. l a « ««*j cjLo- 0^->-b ^LJjVLj bli V il j^>JLo jlbT l$J j 

J-*bo jilb ^jjao o;Ul ^ IJL>-I j Lolj^ <j\ (J Jj ot IULaJiI* 

. TNT S:>U JA {\JjLS 20 4 000 ^>b jUll i*Jtj| 5iUaJt 


<1^5 ?UlS^ ^j-^-Jl w Uai>- IIa ji jJl ^j-SvJ 

J* tl*Jb I>o iiUajl Ji^ V Cl JiJ ^luJl 11 a £. JA*JI 

^y* Ijl jj>«Jl 4-ilUl cbJll bl ^ jib Lib ! JaJb L jH Ja_>d 

4-lj^ C*l a * bj <jb w Ja*>«ll 1 q +# jJl ^Jj (^JLwwJ>- 

** *♦ ** 

^» (0^^-L«Jl ioL^jSOl 4iUi)l («iU jj N ^>-a l Ij ^>-1 J 
tjj^ >3 SaUl ^ J^lj f\J Ji-b ^>i~J! ibl^Jl iiUaJl Ul . 55^ 

isliaJJ (jl^>tj <u^il j_y4^ i IJjI O j-$3l ( _ J i J? jpxJLo 

• ^yrj <y 

* <» % (. tf 

bl^ - ^ b » ^u 1 4^_*_S" ^ d ^ 1 i 1 1^. ^ ] b . .. . ^ l, d ^ 3^ 

j ^ bj b Jadi JjiJi jUT l)V lit 1 ^-bo ^ clillj c JJLdJl 

.^L^Vl J^i SJbl^JS 4iUaJl bb JlJb .oil 

il twL*j IjT j j-b 1 <j&i b Ijjbt ^bj-ll (jb ^^5S1 ^b-bj 

» ♦♦ 

( j- d L y^>-J Jj OjjJI JwL*-J ^ oLijj ^J~a JjL^Jl iil J ^ tf a J j-laj 
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^ ^ ^ fi. 

^ . 1 L«w w fr i 1 ^yJ L-n^VwO I ^y^s-) \ ^ C 4. 4_J Lo»^*' ^ oIjLipI 

. aLLS Jlp Su* dlS U illj^)fl 

^JJi ^1 jLJi ^J_>- jJl^ ^*-*->1 1945 ^j.aa \ s ,«,.*. pI / >T 6 ^jjLl> 

^ e5jU^j ^ jJt jl?- 1 j-fl Li . ^Lip (j JljJ j £j j L^jJl 4 j ^ liJ j!5 

4_aJ oijJl ^ o^P Lgjl NJ 4 >lyJ}\ Ju J cJJb4 J3 4~~Jl b\ 

♦♦ I *• 

H^J (_?* ®-V 1 -r^ J* %«ai <■ L^lj- 5 ! J* — J -!^' Jjj - 

^-j ia^- 1 6-i-A i ^ * -a wL>t-> *y ^ji ^ j*. Cr* o jjiJi jij 

• ^Mt^WWWai l * *J Li^Kp MiO I 4j JLo 
— O'** - **0 ♦ 

^Cww^wvJ i jufc j t a_LjlSL yS' <Cj jJaj 0 1 ( ^LLJuI L oL- y*+>j 

dUS jlSj t«L*l*Jl» L^^wjJl ijjJaJ ^L>ol ^-LSLi L^^jJIj LgJ 

o ^d>L« 4-^23 O »■■«**. J 4j jjajJl wilLlSI L^23 0 1 4 4 jU I Jjl jj La>- I^L° '^L-P 

•* 

c^L j 4 L^o^L-lj aJL&I ^<Jl a^-I-Lo a la 2 « 1 1 oL& x>p JLa3 ! j 

dL^^f L a.JL > - L^^jIS <u-ww*jJl 4 j jJiu ^Jl J j-U jlaLbJI ^LdJsjl 

*• 

ij ^kJl ^UjI eijLi jlEj <J iiaiiLJl V'/j^l jLJ' J! >! -Sui ^u 

jj j5\J jAJ> ^y> I ^J^*" J-* J^J 4 L»L»J ^k>-j 'y i^L*Jl 

• i^Uj XJL > 




(0-N Ji , I i_ ^ I I C I ijJ&j £w Oij ^1 Jj»I ^ L 

J~wJl ^j£- lL-5 lo^i j-^ -J J • J>lp J 4_v?l>- ! I^jP^CjI 4 j-Jj__ r kj i jJ *- JJ 

ly J155I l«J oMuji ^ mi ’ \£\j^s ^uji 

^Jl Jl y~S\ J -jJ JUJl VJ>U)1 ^1 . W4sSfU-» o^i> dJUL-j 4 JUJl 

*v W tf 

' U^^LaJ . « J^-P# JS\ 

cr 5 ! # * j) J3LS jjJJl sLw- U J\ t c^lj-^Jl 

^Jl Jf-JJl j I ia • . \lJ l>o^^j VSL t- jj.,^11 ap j^ti c-^^Iaj jJipL 4 1— - , Lx^Jl 

3ji J-aUJ! L^*-« <j5JJ ^ <_s^ y 4~ — Jl y y\s- J^iaJ 

. JUJI 


J|| yr p 

’15 jl- aJ-JJ L> jl 4^5- >JM 


^ ^ . J^UJl 5~~Jl jp 1^5 li^i-l la^. i.UJl J~Jl Jl 
** 

Ot 4-^?L>tJl ^LwwwvjJLj JupJl <L^Jo- lJj^ L$Jj I 1905 

^3 aJUjJ! o j_i (JU>“^| wLi_p a,* * * la U U- J u* LjLv? ^ o^So Ol j N 4_>-LLf 

N Ciiliit iJ^Ju OJIS ^1 cMi J ija; 5l dllii' iij^j .jL_>Jl 

♦* *♦ 

^ ^-1 1 A^^saw^j +-/2 1 1 ^ «J L»o ^ 1 I A_^^_««vw<- * I ' 

LpIj-s^ aJIS Ju>- jli aJUiU ^Relativistic a-j ^J aJ ^L>c->l jti dUi 

H 

. ^ .5 Jl ^y>- jJl jiJ JJ 4 {,'.,/> a 
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pj II Ac^-tu 


Av?t>iJl A>jJiJ! p-Uj ^3 o*)l O- 1 ^Jl o j*J>*}\ 0^ 4_i3_A>»jpdl ^°J 

4 * *4 

^jjJu (1M aJ^- jlSli c AJL-Jl AaL*J| Aj jiajjL aJL^? LIlI.5 (5‘^ J 

^l» : 1912 £>> Jij . ^LfJl *;Ul Jl Jj^ jJJ jLUl J^J! 

L^5 cjLjjwjJI Jtixplj «, JiUJl iSl^o J! 

4 * M 

J f. > i 

Ai^L.*/ *? 1 AaAAiAMvaJ l teXp^J^ • ♦ • C . ■»* I ^^3 l| I * - ^ wL^ 0 ipAp LapWwQnJ 

*♦ J* 

® . jAMj *A>- t aJLw-^I AjjLi* 


*> * 1* s< 

j_^ L*_> oLws^L jJl * jj>JJI aa« (wJlIaJ t *!>Uo L>- j-o.Jg *>L<*_p oLS" jl^J j 

. d->Lw^ij jJl p^Lg-L^j aJ ^ 1 c5^i c aj Ul^d ^ ^3 

is^U^JLjj . <Js a/ V axp Ua>Jl ^ *-a> j!5 U I jzS j 

j->- T ^3 Lg_J J 3 Lp j*-J t l ^ 1 P ^JlJ>c_J ^JaJ L> AJ I *V \ 4 Aj>T-^->t a/2,.1 I Aj ^JilJ ! ^^Jl-P 
p.Ua3-V! IjJLwO j 5 j-fl aJL*J~^ aJ 15 j A-J jJpUJ aIS j J S )1\ jJUj 4 cJILaoJI 

• <^3^1 lSA* J^-j ^j. 4 J! M Aisj^> 4 jI$J 0^1 
** ^ «• 

^3 Aj 1911 AX*a> aI aJULs ( ^3 4— 1 < ^LutJo I (1)1 j i (wol jp ^jA J 

0 £■ 

UJ : jU^i jUJl I jifc ^ ^ jJl p-L^L*.)!^ ■ p'^-v^Jl ap ^w*< Ojlij 

ojuo ^ ISI^.1 olS" UwUp ^ : la.jJl o^Jl 1^5 4 JHJI dJUu 

* •* 1 4 * 

# ^ P 4 -| 

Banesh Hoffmann jUi |j-A . l$j ^^»***j jvJ ^-m,a3j 4 Prague 
I nX-A I ^ /0 Aj^-iajsJi <*.*}., +s2.) AJ 4 ^-oLS*^ /^jbL^Joi 

j ! aJ^UlU L . l^iUJ JiltJl ol j 4 AxAi o— ^ ^ ap ^ o\ liU 

44 

p 

(( # A- VV L-tf j # %J IjwwJsJ ! 

44 

^1)5 A<=>jU-4 1 0 -* ‘ u “^’ W ij - 4 

t ^ oJUJU~o Jj^aj 0~>- jj- ciUI jJj . aJ*>L 3> jl apJu ^ JS I 

J ^Jl ^t Jid ^^. 4 , U 3 JI jt LgJ LSLspI ^Ui Jil Ml dJUU4 
^ 1911 Ajt^ ^jIjLa^JoI p* J-V^jl AP Aj yA 

•4 

0 ^aJI A,l 4 j ^ l^J JjaJ! J L^lc- A.L5JI jVl Ul ^1 Jl* J! aJUa, 
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<JUjJ! J JSLui^ 




-«■ 


ji 


1 /UJl 

Ji jjLu^wo! 015 LJUJI jClj 1 1915 J 

b-l-A-* . ‘LoluJl ^ lj 1 ^ ^-Jl A3 Lo ^Jl I ^J ■ /s 

5^-aJ! iliJ j w>L^Jl t^lij ;y\ ^LS'JJL! IjlI^ UJU- 

*• 

«-£• ^ ojLaj jl) OoJ_>Jl o JJ l J-*J jl5 LJ La^ jJ j . iob^iJl 

. lj«A ^ j^-VU ^1 4 £ j H 

Pj-aj ^ L*-*-*^ ^ 1 <«-Julauj g tJOL*jJl 4_*Jb> Aj^JaJ dUi v_JL>- ^1 

‘ *4 

J-* J *4^ cM <>* J oL-OlJl 

j^P ^wol^JJJ t^gi Ojjw> j Jj . Differential Geometry \^^\jcS\ 

£-* J°b*jJl >*-JJ 1 OJJS 5 -jTj v ^ o 

. ioUJ! <jj ! jOL*J 

*• ♦ ♦* 

^y» 5 <LoL>Jl J ou5 Ujjp jJlOIj ^\sS jl Juo 

J-P £*>U?Nl LiwwM^ Nj l 4^w^wj J l /^_P JbJ^Jl Si jJU* JlP O^oj-p j-^-P 

bajjp ‘WjJJI Jij . jib *LuS^M ^Jlpj l ^ »Q.> oV^L*-*Jl 

I*" £. 0 f 

<W*b>Jl SjaJ <ui ^jJ? yu Max Born Oj j~> ^SLo <JJb ^ Ijlio-* LLO 

* p 

• < ^ J J-^Jl ^j3 oUJju ^ jJl jJL*^ L J C 0->b-s^b ^Jb 4jl^Cwu*y I i^j ^P 

j*J jl <l}jjjj ^ jJ OJJi jL LJ-p c ja <L>Ip jjt> ^->lx5Ul dJJi jLS " j 

jL^U f\ fL: Ji OLJi ^ liU iijai J SI ^oL^LJJ Jo 

<^a \ jJl ^jjJi <1)1 ^.Irr^ J ^jp j ^ow^Jl 

(jlS" 4 j„A 0-U^ jl 0-U (J j-®l J . <jjUjLo ^3 ^ 4_>-l)Lo 

5jjJaj La>- C^>w?I Ji L« 6 Jo (1)L N 111 . Lub J^i Jj>tJl Ji ^ j^Jb 


jX^y <J| S jUNl c — ^JJ! « 77i^ Evolution of Physics ‘S (^) 

. (^>J!) JiUl JvaOl 



<«aJI AC-^-LAJ 
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d\ : l y» Galileo jJuJt? Jli Ui* j 4 ^Jli ip j-v^ Uy *J U ioLjJ 

•* & +* i 

« Lv*i^ L? ' aj^Jj a^i»i«.1‘? ^ 1 LS 

LaU-LP^ . Oj j-> ^^LlS* ^3 Lg-LS" A*^2 >Lj jjl C-J Jl C-^o ^Ip JJj~->J 

•* J* 

^ jl p ^ p ^ ^ p 

^ %e I Ji^L t. | | ^ a ^ ^ I 4 A.*i^g L^c_J i A><mvuwm>^J L> 1 l .*/3 > ntf. 1 1 A*3 i - -* ^ 1 1 

«* M 

t ^l*Jl ^J! Ji d^~J J-^l ^d£Jl U\ oJU-Ij lg-5l yA 

•* 

^\ ojlp ^>1 o c ^3 i_jLJg*Vl j j*$**Ji j! oL>ci aj J y>^ 

** 1 •* 
i £ 

C-j^Xaas 4 'y t _/ vw ^ ^Lw^.^li j ^j2Lli ^3 c-jl 1 c£ 

• £>d>J^Jl ^ 

JjIuj « The Meaning of Relativity o!j-L*-j ji*-T i*^j 

LaLaII cj! ap j-<>->t^o j) c Ii>bj L-Laj N jL: ial*Jl <\_^^sjJl ij j]q> 

<* t- *, S' 

4 A^-a^ La^j ^_p! ^ */?.?*- JLA3 4 1921 A3_^/u A^_/0 L>- ^3 

*♦ •* 

^ ^ p ^ 40/ p ^ 

^-a ^.jJ^a J-j-* * 41> JL5i 4 A^o A^JlS" ^.$.,A > j*J L;l . ^llxJl I jjfc 

$ a 1 1 ^Lp a « */3 KjLwvwoJ I cj LJ^-3 Li-<>J Ij 4 aAJUI ojLws^L jJl 

p ^ ^ 

. ^^1 ^o j a) 1 ojjip Ujup U-5^- 


^U Lo jLp^ j 4 Al^wJ ^ C-^>* i^^SiJ! C^iJbl 

•* «% 

Lg->l G/tg^l ^-o-LpIj 4 A^Ut o 1^-3 U j-UUJl ^jj2J> j LoJLLP 
•♦ *+ 
p p ♦ ^ ^ > p ^ ^ 

LoJ-LP ^1 4 JlLjI L w2ju> O-LS^j . ^1 ^o oJlsUj (Ju>- OJ^U A^-Jg 

*• 

o jjj ^ I SI yju 31 P ISU : ^jj ^lj-vau -J\ j^l dUS 

U-^j! ^-Jl! oLi-® ^ ^ ^ ^^IxJLLjV v ciix^iSio 

•* ' *♦ •* ^ 

: v b53l e-1 j-J< Lij-A ^j-P j»-AjL^3l Of-I ^3 VjL>e-4 ^ jJl (J^LwJl ^f>\ . . . 

\js*J> (*-^1 Aj M Jb~ J5 ^jIp . aL^ ^ aj Cl i jit Ujj 

. La AL>t-a ^3 ^ ^lg L)l5*J 4^ j^J>s-a ^P I y>\ Lll) ^3 L)l 

++ ' ♦♦ 

^j-O j-s<g 1 1 A>x-Jo (jLg* iL>e-vg OJsS c^. 

^^a CL^i.]g.3 4 aAj w\j>- ^j»a il^L>x^oJi Cl3hXpl dU^Ll . ^_^^)L<k-pl ^^Lp C-Lo Ujj 4 ^xjLJI 
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<JLSSJt j JSL^ 


.^Lp Nl 4 LJwLoj (. p-I j-JLJ ‘‘L^Jcj c-->LaJJI ^jJI j 

4 j > ^ »^Li$sJ! IwLa o U j I j-Scjl^wo 4 ^j-jJuJl 

b\ Stel l mAj *& 4 Juj v l g $ J tkU 

J <( • ‘Wajjj'J' ol 3j^> jJl dlb J5» J^»-t ^Sl of did 

' *• •* 

cLLL* ^LiSsJl jL^ j ^Jj 4j>- 4 ^y>-l>tJ j sLU j oj>*J La^Lo 

•* 

• (S^i 

«* 

^ <=* ^ 

N jU*-«J ^fjUtO) ^yUl^Lal AjLp cJJuj j3 ^pllal^l JL^>- cJJb 

♦* «* «• 

4 j jj-j u-jLiSsJ LiMJ» 4 4— I -La jl . ©I ^L-pI c? ^->- 

i-Jjalj 4 jI ^ 4-JUaJt l^-jLco oLw^L jJS j^iSo ^j5l 4_JlLiJj 

•* *• ^ 

p * & £ 

L^-LjCo ^ oU?1j jJl ^1 4 JwoLScJlj Ju^liJl ^ 1 jl>- LaJ^iu J; jZ+~-* 

■ <* J -*^ <_^i vy' cr® (J-! ‘ <y <_r LP '-^;j 4 (_y5 ^| * j-J* 

<w?t>j! j ioL^Jl jJij (jl U»LoJ c^Sj^l © j-& 5 j5wJl Jo y>tZj 4 1 JlSO^j 

•* ♦♦ 

. LoLoo oIjj»pLx« olxjLwvw* 

♦ 

£ * 

4_JlxJl ^j!jJsl>- (1) j-So> Ot ^^-Lp 0-*J-Pj 4 j»-L^JUa> 1 cLUi £-a J 

4^o>d>- ^j^SLa I Lo 4 jL*J( lLUjJ 0-X^->t3 4^Joal^xJlj Juv^Ltlll 4 ;l~0>- 

4 iJLJi ol j-uJl ^Juo ^^JLp J^,^i:!L ^^Jlp (L> Jl j 4 iJu^Jl oli 

^ ^ pp pp p^ 

^rj' 5 j J* lSj^ Jd 

** s' \ * • * - 

Jd^l < jSj 4 I jlS* U^» O (^1 ^ (^ (^^^ 

** ** ** H 

. ^ J Jljl N 

L« «■ l g *03 P-Ijj Ool5 ^L-?*- ^03 ZjSLyA jJo>- jOJ <^UJl 4o oLUu 

« ♦♦ «* 

^ > > 

s — >L wj>- jJL^o J^>" •*> ■* * " * 51 JLii i w>b j o^c 

«* o* ^ ^ 

^ . ^U5JI dili ^ 4 jw cJS\ ^JJt J _^_JI J\ ^-b J^LicJlj 

i # 

4 oJotaX^tJl Lj^J 1 oj-A ^%»L*o 1 L d^xjwp I ^ wL^j 1 1 a i 

j ^ y p p 

opLlS* 5wL>“lj 4o*_i_S^ ^3 (^ 
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^ ls^ J -« j ^' • Lw>* <^1 ,_,^*Ji 

.iSlj^j t_5^ ^ J 5 ^ t^LNl £a 4JL& Aj\j>xJu/? C->jU<g3 

#* 

« . iww^Jt 
*♦ ♦ 

lM' — £*J7*^ Cf® J^-j^ '-’'j - ^■ i '-^ s - a C-*jj of OjI I J^> <^y>j 

L. J . ^jJI J Cji ^ 4-^* <>• ^.oiJl i^Jl OIL' 

t Jd ^>3 La I ^wdl j oL>ti j_P a-Llao^J! ^^ddJXoi ^jr J> ~ Cj JlS 

A-ws^LjJt 4 -oLL>JL ^ ®^ J> ' ^ j 4-^-LS* jt ^ V ^S"! ^ c*-*Jl*i 

1 d)L5* '*—*-*••***‘3 / L t ^f'lj-Xo L)LS^ Lad 4 _^*>LloJI 4dLj_*j2Jl ^ 

*♦ *4 

* 

a]I ^JlP AiiicUwo Cdd J 



£ * p ^ 

H c/ 51 V.^'j 0 «Xj2_^^qsJ^ j ^a^Ji ^j»a ^Jw^-^<wwv*o /^oLdv^ol ^LS' t Li?“* 

^ ^ p ^ p 

AJl1j»*J 6 jd>da 4^1) dJJ.} (jld La-> jij . O^Xjo ^jjo j\ 4jLoj 6 ^*P Jo>- 1 L^Ju>o>CwwvU 

4 * 

^ J" ^ a c5 -*-«L>Ji Ja.^ ^Jl ^j_p o^Uco! j <uJLp id? j yLjl 

*• ♦• 

?E — me 2 Jj* .V o^w^i C ^ SfJb *jjzl\ 5t dNl cJ^p JLSJ .ij^Jl 

P LvJ (j'yiiJl oUlA olS* J . ^d$L Jdii L = MV 2 b\ ^ N 

dl a«> i > d>*Jj Nj_ 4»aL*Jl ^1 Juv 2 j (jl La dJbli t 1 ^ ^v g a 1 <L> ! l ( /^a 

J^-a <, 4jLp d4? , ^v . H clo^LaL^xJl ^^_a a ! ^Lal Aj>- jJ 

C OjIj oli A A+/3 XV 5 C^-US" oJj^a <Lwd>L)j oLs^S” J C 4ijJU*w^Ji 4_Js> 4 _aJI Jj w>sJ| 

(^9 (^s ii^ dU Oj^, Oj Mj jJU ( ^ j yl5^jl5' J5Li 

. dido Vjl Ij-J L)l L^Lo jA 

^jA dJJi ^J>La ^\d9 L A^l>cJl ^IjLw^jj iaL^Ji Ow<JLo JL& Cd LaJj 

*♦ *♦ 

La !^LjU>j| J ^a dLL ( ^JLi»a t u-^d5xJi dD^ ^3 Lg_jL«^JL^d 

«• 

'" f 1^1 P ^ ^ 

0 j-a Jj( LaL*Jl 4 -a-wwmJLL! J ^ 1 1 J jL>d LaJC-P dlild j-a^l ^vJj . *]>d3 ^p 

p 

(J^S” Lo«^a ( wal Lr° L^ -LU-LP (, <U ^j2j w_^Lx5sJl (jLa-?C-^L 

p 

UUL oi ^LS^I j! jJ U5 Jb-U* C A-s-^—L^J i S.^-^ J -^1 1.^ 

• A **,«,.« /2 1 1 
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ttl&JI j JjL^o 


J S' d)l5 t ijl xJl X-a (^Ij c->l j-s^> ^ ,jCJ 1J5 L& j 

^ J^j 3^' ^ J^ )5 r 5 ^ 

irr^ <jr^ ^^j-^ii <^\ 1 dL>! N I ( U ol j-icuJl 

. . . jhsu ^jL^2j ^j\ oja^oj uis j'yi ji Lm2jI ^wjj n . j^iJt diijufc 

^ jicJ iJUiJl ^ 51 iij^l Ji ^L-ijjl jl5 1906 ^ J> 

•* +* 

^(^5^ ^ ol iijlill S <»_iJL>cJ ^^.9 ^<W?L>Jl Aljj.Jgj £0 LaLaJ 

. 4jj^v 5> ^ j>ol lijfcj 4 * ip j-ww ^o 

•* 

(j^* Vjl lo*o*J ( jl ( _ ? $3 ^ J> jJl LjL>- J jJl ^ iJliiiil 5 ji ol 

JL- ^ ^iJbiJ Lgj! VI .LiljlV *U«JI J ol^kllj ^j/Vl ^ fUJjVl 

<jy j-V <5>*^ ii~»jJi Ujio- ^ i-o>- i_Jbr j <5jJi 

cL~ <ujJ jl5 (.LsAi^i Oj-o-A lil J-UJ Contact Forces J-*s?!AJ ji ( j^a^C 

j *i.s <j-* dJJS IJ-p La Jij t J~*a->- Ji Lw^a^yj ul ^ JJLiJl 

4Lj jL*J jJl JL5L:l5LJI JjJl J5 Jl SiU>l cdUi _pj 

J ^ UtJU *>Ui UjLipL ojiJl S Ji jl Jo- Ji c JJJl ( _ r ~»‘>UL 

. SjJjJJ ^a ^-Jl lij j^.ig" Jl Ji ^>Jlaj t»j jJta 
*• ** 

LU . ~t*j ^a Jwo^J jXj ^1 Gravity iJUill Ju>- jJl s-L^i^'yi j 

kiUi ^jia.jjJ jLo- 4»^J ^j^Ji3 A-LaJ-^ yk$\ LoJlIp 

^ <il> IfeV J ^yyi ^r^J( 5 i dUi 5 . Uj 5 ^a oUjL 

jL^ ji J . L*AjI LaJ-JJj JL_?- j^P J-a J 100 4 000 t 000 iiLwvwa ^y> UkjljLa 

; cA; ^ Cr* a* Ji Jli>Jl oi_g_| j J 

Oji 4 c-l J- j^-f-j J-; J-T J f*— ~^- J>; • • • <j' L r x> ^-!LiS-]l ol J jJl» 

4^wjJL jjt> t ^>-^[1 -C>-l j^a E j-lllj jt^LJl LfL ji? Ji * iL .J j 

^j-aj ® . l^J (jl (1)1 Jj££'\ *)lj i (jlSLoJ ^^_A>civJl ^jA {J\ 


1^1 vl 
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la o j-« LoL? j 1)1 jJ *yL>- l)j_So l)I ^j-SLoo* 


S' C- 


CT*^ ^ 

. (jLj>cJ 


y^!,y Jtxilj jJlJl 5^0 ^ s^l ol ^ 

V - ** M 

JliJj (^>“j 4(JL*3*yi JS 1)1 4_a^j j5La Jl OwL>-pI l^ls ^ Jai3 <U>r k* Ojks 

Los*>L 1)1 ^kJ Jj* . -by ^ilj ^ ci <• W* ^ 

L$ol ^J-P ^iJl OjLo^^sJl j^-s^2_Xj 1)1 <J^L>- ^ljL**o| .iJj_xv_& J-LP 

«* 

Lg-V2L*-> U_*Jo J> 4 5JljLLil S^i ^j»a 'V Ju f\j ^S\ l ^ xy Sn_>^j 4_A^33 0 L 0 j. 1 a.'^A 

4 <LilS" 4j>- j jj L^jjLfij jj^p j**j ^0 SjLjo Jo 4 ^y. wos^Ao N L^jJ . L^j jISj -Lp L/iou 

p £ * ^ 

j jiJ ol J^>*-J! v^o jl Jj . j-o-fH xs- jJ L« ciLl^J 

(1)1 Nl ^ j_>-^/ 1 ( j-'° J j*->-ljO 0^° C* la A ! Jl3 oLLjJ_>- ^o2o 

. CjLo Jj>«Jl oili-J wXsSLiL vS^Jj>o LolJi>- l^wa^L 

( j-a LaXv^J *XLP l yg^l wL*_> ( /j_a ^L*3l 4*J\^tSLodl ^v>s^LJI ^ jS Jl*j iSJJJl] 

jUil ^ Ai IS i^jJl Js>J' \jSj -k*J LfSl VI tjj^> 

*• •* ♦• 

£yjl Jl ^Lidl ^jJI ^ M VI 4 *o L *.*>^l 1 * *** <v ll ta)— mL_a_j 

Lr° L^*-*- 4 LrH ^*!>LL>“I zy’rj -^L^-s dilS 

Ji ^Lvw>-Nl jN JLo^Jl L^-o>«-?- j-4r^\ lS • iS 

(jlJ cLUkS* . LJlio (J^L^Jos La <L<vo (j-«J t ^-‘^ > " c Lolo aJ^IoLos l) j-So 

«* 

^ ij^ ihs ^ ^ SI t yUiJl 5y ^ ^ ciyl 

L. ctJLJJJ i>JUJl U 1 .V 1 J^Jj . JL oli DUJ! 5 ji ^waJ 

Lo»j iSUliJl ^^JLwvO ^kka Oj^-* 5 ^jUg ^y> J jifij (jLovoN J-v2j>tj 

jl jjkjVl ^1 L$J-fd LaJ^P <ui ^1 ioL^SJl ^jiJl C^Jj N 4 

** « 

*> 

• 1 O^^wS' ^ ^ Lp 




w P 
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iJUUI j J1L-. 


A_j\ iV l.4 


<0 ^Jaj 0^ 4 j 2-0L>«J|^ . e- (JUoO^J ^4 -jLj 

did- OjSI jl 5 US jU/NL N 4 v-Jai^o d' L >JL d> ijd 

( JjJ ^1 i^d'd' iJUiJl J\ JcZ 013 cOJLii Jjli. . alfceNl Ji* 

•# 

5JUlil <jo o ^jI*jJI 3 y. cr*J * O^ 3 3^ 

** 

ap ^ j-Aj ap ^jJdo 3)^ ^j-^-oo ^ 4_ s 4 > 3>«il 4-^_dJJ La«la 3 4 <d?L>*Jl 

•* 

. 4-oL^o*)Ul 4 P j^vJL aJo 4 P j-s^aJi 

aJLaLII ^ . ^jfcUaJl ^3 jXj JLi Low^j j^SI ^^jLdJl 1 dA cJj_^j jJi j 

♦♦ 

aJ L dl I o j3 j-^ 3^ ^ j-*-*-A I do 3>cdo I ^ww<odll ^^5 yA j*j*j 4 4-Jo j-jj( 

CJ ^JU ^ ji* 3 * A I j*-L*o III ! *}A^o ® * Laid do2o d*-3 jil ^3 ^ (^1 4 jL>Jl ^3 

po . jJi AoL*-« 4— 3-Lj>cJ j jg a a 4-s^L>eJl A-^-dJl ^3 ^4 _**o1j 

o jA\o Q\ 'V A*wo2o vd_3 jJl ^3 I jJl 0 j3 3)J (J jo2o Aj jiao 3M 

^ 4 5jj jdJ L Lo {J*-*-* JlxjLL! 3)1 ui j-^u Lrt i A-sA>L>cJl a -^jJI 

^ > 

• (jA^AxU AL>«j c ^ i (j^d^ljJl 3^1 

^jA AjldJl 0 j3 A^J>~I jA ^3 ^jjb-jJol d-p-l J ^Jl dolo ll ci-Uo do IS” 

*• •* «♦ 

(Jlwdd! 4j>-lj>tj 3)1*^ wLa 3 . ^ j^*“^ Ao>“lo ( jos A-s4?l>sJl A-^-wwjJl Ao ji 2D j 4 Ao>*U 

<.LaLu ipj^o iiUiJl d-j^: (0^° J-*^' <J CfJ? 

jJ-j 4o|^ ^Ua- wwJ 1-i-A j-lo 3 cA . P- j-v^J I AP jjA J^-wdJl ^3 A^Pj — ^idij 

•* «* 

3)! dot JJUii]! 3)1 j»Vl ^Ijj .^3djiaJl (Jj! d^_oJo Jj>-I 3)1 3»j3 diJ3S” 

^^3 ia.l>xJo 1 jj3>- LdJo I aLU3oj 4 5 j^5* 4-jJL lpL-^N 1' AP j~»j ^j-do 

— * 

. aL jia oJu ^Uai! 

U-d^ U^i (J <Ji ^d 4 d-® Or 4 r^>' pL:r 'd'j 

. ^A-alS" d>-i 

JL^do iJ-lj2ol Lo ^do dJLko^[ I Plsd I j^o AJodo ^3^-a A-L^<o>- 4-^>-lo ^^3 
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J* J 2 ^ £ji V^j' t/ »J^aJ' (^Lp 

-jJj_^SCJl Jj-^j ^-^-^-J ^pL^^JI *-p^-> t ^jJ 


. o> oULkJl pLj Jp-I ^ (^t c AjJjJl ioo ^Jl Ijl . a!)Jl>J| 

^3 (jLo jJ A-g_*Jl di-k ^3 £jJl (jl L«j-^-P j-*_^Jl J-^P ^j-^J 

o ^*lj 4 ao> L la. i -o J 1 aJL-LM 4JjL>t>> ^3 ^ oL>cJ^i 

** 

oUjtj^L ot!A-^JL> Sj-iL^s dJJS wlxj lwU3 kldJ Juj^j o 

. ^JUJl 4^1 >cjI ^3 <j\ 4 

♦* *• ♦* 

4<_^^Jl \Sjk> oJJ-J JU J~a *LL) J 

* ^ 

t_sL^>«j'yi Jl*p d)l J_*_j d_ J i3l »j j j 5JjJu>»Jl jl _jiVl *L4Jl Jjj j_ls 

-lij . Sj^ JPO jJl £^J| f Uii SUj! ^1 ^us £\i t oL^Jl 

^ M 4>-ji -X>l^> ^ 0L>sJ! oJIa 

. ULJ Uvi! j pJl Sjj^Jl JSOi lp^> jXj Jjil 

l^> i^jU- ^ 4 f-Uai-l y~Sn j* JSUI 1 j-j j! 

J OJul dj- tiiUJl Ul lj± ^1 jA^4 o^U ^1 o! 

. ^AJl jjr <u^«0l 5JL>- J%Sj b 4 s-Ua^-Ml m 

^Jl !1 a Or 4 L$^ 4i >^1^ 01 ^ 4 juj 

ajjL«x« 4 Oljj^l 4jLL>tj loLs^-l Lg^s Jaa,.*il iij i) j^Ol 

*• 

I^jI t(^lj^JL lilSc^-Nl ^jA SJj>-Ij ^Jt ^a>tj) L^Mo 4 j>-j3 ^ 

* 0 It 

^u^3 ^£> jUJ 4 o J j>-Ij 4P IJl^l j LwOj ^3 0-3 jjC^\ 

L^-a j^S"! ALs-idt ip i)J ibUJl o j^aJI JlSj; ^1 j\o^i j) 

' ♦» 

01 Oi > j ol JS ja iJl50^Nl Oxc-I lil dip] . iLiiJl (.L^bU 
\ j02->- L>” o JlS li| L»Lwj &Jj>-\j ip^^wo ,k„i^J ii^L?Jl j iLilSt 

.iJUiJi 

) L^wfl ^*S"I c3j^ 'L£j*-JzJ 4jL>w? Jl>- V^oiJ pjl 
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<JLSUI j JSl— 




.OlkL-i y\ ^ Jw«l5 yL£Jl ik- 

<& 

bc-o (jUa. Zjjilj 


(*>f 


^Ul l$-J-P y>y*J J OjJajJl y 

[rc^ y] >a 3! JLp Sy kil ok" yt 

o j-w5ol jJ jl 5 ^jJl L« J*L*j 

? V f ♦• * J» ^ P ^ ^ f, 

j V dJLJb- w?^ j j5d jl 5 IgJl U csJla ul5 . L^-h-<tj>" UJaJL^s Lojj a LL>^ o 
J-5j . I^Ap ,*jj>tj Ja.2 **»!«.»< Ja ^Jl LLo JJaJl oJlS* I jJ <^ 2 _L<Jl 

pL <jl ^fj-S ( ^wJL> ^IS* Vjl>- dJLl^ ^ww*^ 

.*u» 

ijjJij ^j-LJ jjdj ^jl o jJj A-vi-^LxJl 0 jjfclia. S' d-Du 

JjUJ dl* ^1 y LJL‘ oj^j V jl lyV t ^UJI 1 

** 1 s ** * 

JJ^tJ y oy»li cJlS" yJl cyyj iJUiJl yj <l*JLuu-l yLkJ 

iijJL^Jl SJlpUJI J . d-JLdlj 4 jLj£>JI ]& jJL 

dLip j^l! ^w>waJ! J^Jl ^\Jl di J^i diJl (.A^vJ^Jl ^ya^aiJl ^ U5 

(( s-^Jb UJ | Jjsd 1 33 1 t 4jd? L>d I 0 Jj d%J I 4 j jJajJ I ^3 <>.■■£■*«/? ll ^j]s> y± JL>d dl Njl 

*• 

^l>Jt 



: dLyiaJL l^Is Ja jJLJ a> ^ 13 1 ^jJi ^r^ddi dJLJjj 

iiaUJl ci^JJ lajli. ^51 ^ «ib5» ^51 ^ jA\ dl ^>- 

dc^o\ 4-d-P L^ ^UJj Inertia dlia-dL oJm> . 1 g ^ 

®jdl tiJUajJl ^-wj>Jl ids' o jS U1 Sj Inertial mass 

. Ldjca UjLJ AjllapN 

yU; yi : Sy ptJI 11 a JjUj ^Uii! 5 y 


i ^ ^ 

£c\^a\ jA La K— jLp ^3 ^jj| ^LsAjL L^XSsJ <■ <tl.lyj °^ L& (^ f ) 
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frj) 4^.11 4f-j-.ll ^^yjuu\ 


. ^-*j>dl A»bS JjI j-> *~a A-lldil o ji Jj l^j dwj>- 4 ddl bd>- AbSbl 5 ^dxll 
dUS j . Gravitational mass dJilidl A-LSbiL j\ jjjJb 5 ytUaJl oJla 

Ud>- 4bglS ^L^bU JLJlkJlj USUdl jbkSdl ^jl^d jl ji 

. A>c^>w 2 0 bl w\i I^j! Ji>-*}b LgJCO f- ^jjl ^ISb V I Jij>- A>**dl J 
AjL-jbda ^1) aJlII k p c-otajl A^dbiS j SJlxS oobji LJbS jil 

4 aJ aJuGJI 5Jlii]l o dll dS j 4 hd J j^5b JljJlip aJJj jl Ml 4 (^b*diS 

4d*jl A>-jwtj Ajb>- ^lp bd>l ^ill Ajldill Ojdl ^_**j>tJl d» jld> ibjj dlidJj 

Ails ^ip A~*j 2 j ^jL*«jJI u— >b*Sb aLoIS ejj^/ 2 j bca jl ^ jVI 

. l^bS cJJb 

^la-*j b ?iJUiJt j^j Aj jJs 2 j ^3 o j-wd o jj*S oJjt> o-jLS bLJ 

•* *♦ *♦ 

Aj jiaii lii J — (jjLvjJl Uufc J . dJlililll j SJUajdl ^diSdj ^bll gj jLwdJ l^^dJ 

J! 

U Jj>- jrrr^ jr^ (jldl y* — 

J. * fr ^ 

b-O^jjjj j c 1 1 . *L~w J jb) l ^ .IS ^ 1 ^<vi J^ ~ I ^ ^ l-P t ^b»*J -3 

. L^X>W? ^jP e-^l jP^/b ycSZj 4 StfjUl Add>Jl odgJ AjJij ^jP 

** ^ ‘ 

4 jbL>*j d^>“ j-> bo^ 4 djldlll ^3 ^jj A j j-laj Odd J>- Jd_3 idbb ^Jd 

j j_jSLaJ| Jjja <w*jb>Jl Ula aJLsLLo bg_*jj d>*l pJ 5 jJfcb A^dajP oL>Ub 

aJslAj wU_P 4 Aj jjij JSU jJ I ^-b^J I J L^*ja j I U ^ jJlxjaj . bbj I 

^^1 ^ J J vJ ^ J^ ^jJ ^ ^ ^ 1 ^>wblb 1 tain^p' l ^ J J *^ r> -■ ^ £j ^ 4 A«^n_^Jd 


5 fr 


P 

Lr - ^' ^IdJl ^ Lpb-S ^j-oJl^ ^cj jl ll ^^bbl^ djbJ-^-P 

. pbdj2-ll UJ^I jl I Jj! dj Jw>xj J J 4 aJ Idil I y Jjj 4j Jtej j^lp Idft 

♦* I ♦* 

p.p c» ^ 

lj_£Ojl ^ j! *jjd ^jjo -b Sj-^l IdA 

A^w^oSsldaJl a jdill a djb jUdbl C^tfJ J jb»- bsdiP UaSbl ^aStiJl ^j^t^Jl 

•* 

la ^ bg-lS ^b^j>-bl jl aJJUwU>J| bj-d>cJl ! cJ^bwJj lju j . < /jJ j*u Aj jJd> 

^ b^i aJu^l j Ad j-b-> 
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ai&ji j jsLu- 

I** 


s . ^ } * #. s* f. 

I - 1^ > X-^wL& l> J J-^ > J l w\3 <0 ^4_S 1_0 ^Lj t yodjP ^ 

i)Ui!t s J Nl L^iU; M ^dl f jjjfl ^ j£J u JSC JUJ : Jldl jJ^dJ 

t I «,• <> . I 1 4*^0 J I ^ o 1*0 *Xr^J I J C ^ ^vO)hA^<»J b A 1^ - -*> j I 1 1, S' I IS" * A 3 

4-g-j.i 3 1 ( Jj 0j_L>tJl ^3 L> . . . *Low~Jl ^joo ^Ja^LwvJl J J ^ S' J 

** 

l a 2 ) J»»aj ^»L^>-lo * j-Lo-* <15* (jl^LajJl) objJlj ^ J>Jl cL A jli <j| jj y2jU3 

Lo 2 jI I UgjJL^< jo 5 .mJ> J Lvgl>- Lois' (jlSLajJl ^3 <JaA> JSll b)lj t ijg- Ua ji**< 

**• 

^y> <j~Ji <■ Uil bi ^p U-~~ . aaSJJI oUj^Jl j oIaUJ^I Ji* J j 

UgjJL^< JaJL^o ^^ojl ^I^Lo t oii-lo jl 4j?jrJl oJJ ^yS^aj>x^) obol^Jl Jjl JoJozj 

> * 1 * 

JaA-o CJ-o>*j C <SbL^wO ^ jjl JtlSUl 4_o&Lo Jow\j>o 4*3 'V IjL^vOJ £_Joj Ijb^l J 
N aJz^L^JI oLolSUl JoLfll JlJL>JI IJla 1 g ^ *j» jj ^lll i jJa->Jl oLSj j-a^l 

* P 

Jl ol>Lw« L^Jl Jlp Jo 4 4SIS Jl>o JaiLJl p-~*o>J! JaU Jlp wUa^' 

. Ml l^isSSj OLSCajJI 

^a aJUiLS iw^L^» v y I o'y U j-^-p 4*jo>«joi Jl J? j)l?p^Jl oJla i 

♦• "* 

^ f ^ ^ p o 

oNtl^J • 4.>0 M lj.i^^-0..l I 4 r 1 I AS'^.^IlJl ^ j-P I kA*4_XO ^ IaaiO^' I W_ O I ^ bwwwQ "A ^r 1 Ip^ol 

* . ^ 

^Jl -L? Jsl>«J| o J lA ^-Lo I <P jlo o j5vdi j ^ 5 j*w--SUl 4 *s^>*sALL<>J| oJjLaU 

«» 

jlC^Jl Jl p\ *S1 Jl J ^Jlj UoJL- ikiLJl obl$3! oljL^ 

>■ t* *♦ •♦ 

Jjl (^1 4 ^ a*s^I jS j*J& j*-*^ J J15 j-Lo t -L-sL^Jl ^^jJl ^Jl L^,.a^ 

^As^aj j_A — OLSsoajJl JiL*_)Vl Jplo jJl ^tJa_wvJl |j«A b)l LJ J g L? " 1)1 J jl J> «-> 

^3 Up l— 1 jJo J)lS"j I jd>- ll? jJ L ^ AJaJjL^Jl aL*-vJ>-S/I J-A-o w ^->-1 . ^jj>ws 

» p. 

L^5 L«Loo c oLSboj J-Sb— a ^1 ^ ^J^Ja-)l Jg y la >- jl^jJ a*jla^ 

* ' 

p p p 

l—g-Sbi-^o J*3 I C->l j-o-Jl I A^J^P qij j_> oL J**o>- ^tJg-wo vJJo I J j.yJ-o 

. Jji^l Jlp 1^^ j j yLJl 

LwJvwO I >Aw^ 1 C LL^>-I ^ ^ \q j c^-w2j 1 ^u<>i 

J JJl cl> &JL- i]fl5LJl (.L^r^l Jj> 5JUdl Jl ^ J,> Jl I^J-I 
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P^xoJ) 4x,^j_u 


^ j 4 Geodesics Sj^LiuJl i? jJaiJl ,^pJJ LU ^i*>- ^L^Vi o-La jl 

*L->*-jVI I-LjA V| O -a ^ wJ LlULLlt o!j 4 ^jjsrJw* dLSL-aj tlr^ ^dSl^dl -t jJajdJl 

* 

^-A 4j Ja.^'jJl ^9 ^vw<>-JCJ IS 4-L^Jl ^J>^P (* jj>- Lo . OtSCaJ-U 

I? j-Ll>bJ 1 ^dj 1 ^->" Lis j-5-v*> ^Ja^LwJl ^Lvv^-^l Ol p— > . didLojJl j-^i t-5 5 

qX$j 




Jj3- L jJb ijl — « ( *- r ^J 51 ^ o-Jl 1.3 j£-iJl ^ dU jL>\ j 

^ p p ^ 

j-giaj Lad Loj^jI ^pv<dl!L Ja^>t^Ji c-\*J?a)\ ^^Lddl ^ j-gJuJ La,l?3 

p p p ^ 

dl < ^sCowo jLw» J-M 23 L c-j j ^ j>- is" j> Ji ^sCJj . jdLxJi ^s 

♦* 3 # V* t* 

. > 

^ p ^ p ^ 

VI IJla jl j . fj yA oVLd^-l d /l « *»■ |«3 » ,) l 4 ^—> ^v-«' i ^ '^S" l_^ 1 

. I^P ^la^vo o ^Sv3 dL]a„^j 4j| VI 4 J-*jiSL 0 >Jl>tj Uj L>J>jj jAdd 

> 

4-_ o j-p aJ-*J^ . LALdJl jjS* jLwvwoJl j-A 1 ,-La dl d^ w ° 

c^JL ^ j dU ^jo dl L^jj> 4 5 j-dS" Lij^a <L (ji VI 4*L-dVl jfa* ll ^3 

j-a j 4 id>«_LaJl cj L.J| (d->td Differential Geometry iJLdbdJl ^L*-U-gJl 
> > * 

— <u»J-*j edd ^jI dL j^-i ^ JJl ^L-v^L jJi ^yi dL^ 

LoG>-> <L<djA*<»Ji 4 _Lw^ jJi . j^Jk^p 1 ]^^ 

«• ^ 

AjLiSLS L^_j LoJ-LPj . o J jwajJt I -La /^_p j— - jcJJ 

di id>- (ji d>sJ 4 Led I wL*j L^-^3 jJ jJo LJVi 

Speed of jLd_d jU dp^v ^Lw-; Jl-*J 0 -° (< <_r ~' J ~«- 1 ' 11 J^- 5 ' '-^ J^i er* 

♦♦ ^ H 

iij ji? LJ jJ jjJ dJJi->j . ^ j-viJl Lp «JI jJl ^ Propagation 

^1 ■ *♦ *♦ 

Jj 4 -Xaj LjI jLo LSLdJi j»_U ^ 4d?L>Jl A^w-dJl j JJLdJl Sji ^jLdJl 

4-Pj-v^j j-^j 4 oL^LjjJI L^jJa^ljj 4-IxSLJl Si^Vl L^->J 

«• •* 

. ^ jdiJi 

0 j-kUs* LgJi ^^-A 4 AJU jiaJt LSldlJl 0 ji JJ ^ 1 ! L>J-A A-LjJ 

•• 

^ ^ usitJi a^ij sjUwJi aisai ^uji ^jUdi 
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<Jl£ll j 



O' 


S' 


-ajl 


.Qj P ^dlkSJI (J-ljuJI j i^«v‘S :; 2; I «l ***> ^ it.iL * -w a U ^ ;K ^ 11 ^L^Jl 1.3 

£ * * * & ^ ^ ^ 

^laJI lli ^ j4i A^.a ' a LLa_=*. <n n II j iTkJI ^j_a jl ^ 11 Ijjb ^ i ?>. 

** M «k ** 

V o\£«yl\ lr*~k j\ ms* (Jou-^uaJt (j-* 0 <SS 

nm m ^ w 

jLui-o ^jLfl <<=■ j) <A II 4-C^ <4i > ^_jLoJ>-li JJtjJI ^Jx. Cxji-^ LaJ^ .JoJlA ^L£-oJ1 

w * «» 

(•W Jf^ 3 cr 5 ^ 6^0^ 

' ^ « w %r 

t s y aJUiS! Jud J oUJl d™Jl k ^Jl bLx^lj . USX ^ILJI o JLa 

lj>U t jjjJL SUi ^<dJ Cl jJ- . aJlS& US j\ djj UUJi J aL^-HJ 

SOj^i ol oL«p Ui t ojs j_^*-iJl IAa 
frl -, h 6 1 ' ^A3 . jlSk^U Aj^-JL) ^A La aJIaC! ol ^ ** : ^ 

^ «* «4 *-* 

4X5” j->- O-jLS* il« o jj A-a3 Jw^w*-j <jl J^-lp J j_»Li JJ 

^ f- ^ ^ 

L ^kj Jajj du is . ^jLw-) ^A/2J>tJ *)! 4j| ^ I 4 AJotj 4 JLP Abi^^i *1 ■ ■ *1 ||-*ii*m*i ^ 

^ ^ WU " ^ ^ c * a ' 3 f^' ^ 

^ ^ ^ ^ p. 

. (jLSCa^) ! 4 CoIj AP l^-4Lwv*>s IjL^w^ L./aj 1 ( ^_ko 

^ ^ ** ^■“’^ 

C— aJL^jJI 0 jJi ^ aJlS’ ^0^1 J jJaJwJl Ijjii 

^ju> N iJUa-*J( j AJiiUkJl aJLxSUI l)1 IJla j c oi 

j-s<Sl]I ^3 l U j ^ A. ^»i>Q 1^ 4 LjJ 
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( jji L(jy^y\ 4J>-J^ OjJb U^O i j ^Sjlj AbJ ^jJl 
* ® ^ Cy* ^ -tj <i ^ > ^ J y*jOj ^ I L I aJL> jja j Jj Jj>- 

j->jb ^3 jJj-> ** aJL^JlU j^^JiS . jl I j-A jLw- ^3 t Sj>Ljl jj (J jJlJl A^a^U*- 
♦♦ ♦• 

£. j» # 

^l^-^l oljLwO o jjJj .5b>*j pL/LaII iJjfcj ^ Abc>bi l^_> Ja^j>c-<jJl pL*2j2J| 

t plb>jNi ^ jJl^I pL^jiJi j^Jlp <_ r LJ oLJI jl /^w>“ . o j-j-p iS jj>^j 

*♦ *« *» 

. iS^Jl iJT oUl Jlp iUAJl JLJ 

•4 

J^oL JlJjA ^ ^Jl iULjjJ! iJjUbl JUJL*J ^1 J-J jj 

<LjJL>cJl *ojbLbI AjJsj^ OoJj>tJl ?cj, ,1a, . I _3 oJ-A '_*>-~aJ . O^LoJl 

a t * 

Aa^^ULJI bbLj^sdi jl Nl tUL>- Lw? aj j]oj ^ j ^Einstein's Field Equation 

♦4 

s* 9 > 

. J^3 Jya L*---p4>- cJl!^ J3 0->l5 

aj j^isjJl b-*_j c 'y Jl 5 U uLS ! I ^JpLwwJu jl ^oLbU Jj>tj 

* 

Si ULb Jlii ?;U^^JI 5 ^Lll ^Jl Sui Jj»jj ot tlkiJlj 

jjjl t JpLa? ^ jJl Ijla j i AJLJj>Jl j^JLp ^ij aJI aJI jl « JUj>JL 
UJ jlS AlSsJ t Lljlj jj^j jl ^jjo ^'Jjl <is^ 1915 Ab>> J^S> AjI ji>*j-<>Jl 
AaP y*J> y> o LL^I jl A^toJl J . ALsJ>- AlP J jJJi JlJ aJlP £-5 j 

^ p ^ p w 

ji ^ij ^ j . ^ j^-Mi o'^u^-'y i j5 i-i— i -^ * -^ - -■ I A Ijui-m-ii-iiijf ^ 

*4 %« *4 

p ^ 

C5® AAAII-; L^JwojI ^ d-^l jLjlp j/ 1 o_La 

4* ♦♦ «« 

. VSL fr> siSl o jLL" i ^ 

Aj jJflj jl I Jj>- AP^j’lj AA--A>tj A-Lo-P C-jLjIvXj ^9 j-jjol J-JS jJL^i 

•* 44 

pL^iJl oM15j Jljj . iL^jSfl JSJ ^IUj ^ 

^Ja-Lj 4 1915 A^. j . LajL>» O j£l L»^5 A-J Lp jia-Lo I ^o| LajL^pL L^Jlp 

j-wwvuij yy> Aj jjaj (JUJl ^^3 OjSI^ Ul)|jj>- pj^L^I ^jp jla* ll 

*• ^ 

AjI j-jjol L^Aj . aJUISI Oji Lg-3 ^Jl A3 j j-J^oJl ^Lv^jVl JlS" 

<J ^-sA> jJl ^,4,/?" a > I jU lUUJl jb jl5 
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iJtfUl j 


1 j-A (ji Jaj>cJl J . ^jj Aj>e-Jo 1 w\j>- Ao j3 A>x-Jo 

y iLrtl j* Cr*5 Sjj-aJI jUi '■f’Vl I i 03 

• <ry y <o* Ji <• lt 5 

* Cy J- 0 ^LLa?*- Lw> 0^^*)L! T^LlJLo I ^Ujbl ^0-o la j ^jLJl i ! lOA 

ay>J\ lx> J5 i_- >J jjJjUo ^LJjJl j! ^J\ jJ j$- amJ i jJ ^SLlLl ol ^3 J> 

i! y ?j ij oUi oi VI c^>T tejLu. Ui> ^ (^Li ji 

|^ji^ 0^° ^0 ^>-Ni ajUj! Lo wL^ljo Oo3‘^"*i Ol 

. 5Jjb^Jl UioJl j\^i\ ^ jujl>JI J jbj ^1 JU&Nl JuS c^ljUJl ^ 

. j^j j jJsl> a!L>- ^3 ol5" L« L^Loj !Ja^ 

*♦ «• 

tZ f. £,**$, £ *3 

jl aJ Lp*^(W® LpOJ 1 l_"WS*wO I J ^ 7^-) *,. j ^ j-^J l 0 L3 ^LA ^ 

* P ^ > 

I i *A ^ 3 ^ ^lj Lj 1 l -*- «*^ 2 » 3 1 ^ I i-A-^-^’' mu l ^ ?l^i%U 

Jwv^lJ jJw^ US c ^j-J.*,<a3 ^jA Aj>- ^ c jlla.lf^ I o j*Jo> olO^-l A-oJ C— >IS 

** 

f, ^ j ^ f 

^»l 4j yy ^ I J^j 37° j»A*Jl Jwk ! *L»_L*-ll j — p y* <jl jJl (J jis- Cj jy*- 7uv . <w 

w ♦♦ *♦ 

* w ^ 0 ^ 

A_P j-^ C-^^Laj J 0-> J-3_Lj aJ-jLa^ 0 j-a cLo j ->“ \ 

£ 

c->jL>tJ ^j-p aI^*- ^ oJl o -La ^3 cLw>s->l ^jj_ L^oLj>- ^3 O-Ls t ^ j^gll 

^ lT^"' f*^' <yj • j' ^W2J ^3^Ji 

♦# *• «• | «• 1 

aj jJaj)) ^ ^ j-^t ap^ ^ o jLiJl aJL^vwo jl cijl yL aLo~>- I y5l oLl 
^J— ^-flj— > V 4 -j j 7 j j-^"l ^ j— J <Lo. ja.^0 ^3 — _L*_Jl 01 4 _jJ— _ 5_>«_J|^ ! ^ i_ ^ — >t0 

oL>Jl» ol* yo .j*. H yi i^UJl J-^l ^ ^Jl i^UJl olJjklO^JL 

*4 M 

oOjJj?- jaIoo>j j \Jsl*+a ILjj oi ^y* ^ ^ ^>«-<iJi 

. I j^/2j>- AwsA>L> jJi CjLLwJ>tJ! ( yA Aj j la « i i o> LsA> L^Jsl I A3^— <-mw3 ^»P >^^j 

Aj^kJ' cJl5 Ju? ^ I5^j ii>vv»w? oJli" oljodl oJla oJw?3 I5ls 

* 

. Ijo^ ^L*JU ^ aUL^JI o>L^j ^ I oSIa c aiL?L>- 
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L» lo-^ ^^-pj ^ l. 5^ plj_j ® j-^-^Jl^ 

p p 

o jJta £y+* aJjI>«-o toLjJajJl c-jL>c-s^I J^aIS c5^ oJLs^jj -t .^ • 1 c 
^ oJjJj^ iLo jl is^Ua^ jji*Jl ^1 >- jlkjNl Jj^is jp bJU jl*_. 

^-3j*Sj ^ <u^<>^o o j~S ^LJ« ^l»^I |*Jljc4 . t! j.^ 1 1 j! ^JJl W.4- « 

4j^ tiii jl J-a <y- 4^5 2^~i jl Lie- ^1 <4>JI 

♦* *• 

(_5 jjl y> oJj>-j J_s^5 jJl jl ^'j-T • 4 -“ c ' U jUjj oJui y 

U> y * j jl jiaJl y\y y 1*1 . L J_j jpU^Jl c~ij 

•* 

• J 3 ^ 1 U* v ^ > *^' l ? Ji>k '~~®J 

*♦ 

S* 

^j 13 bb t^^l*_<>Jl oU^I ^3 ULj>-! j*_L*Ji ol ll ^y* j 

Jpl^ ^-aJLS' J-a (. A^laJl ^\JlP aJU^J Jbai <. ^S ^J>- dJJi 

J^%!l jJ^Jl ^ iJJJwf- LjJiJl jS^J, tSlj! -U^)l Jj> ^ SJuJur 

C->L,la *-oJt o'y ^ 1 .-J>~ Lsj? JjUJo J tOij.>- j^<*Jl C-^ I »-LA LsZw^J Ij 

j^Ip ol ^1 ^U j -1a; ^rjj^'j 6jij^J\ eJjj^Jl 

i 

. ,'O^-a clOb <Z-J L-LlA-^J 1 , iS <*3 (1) aSsj ^li?l 



u-^> ijj^ ou^jj ji^Jij ^^ji 

«• ’^' 

c S jj A^i>Jlj . Nj ^I^jUcu Lo-^i 4 jv-LaJ! 

* 3^° • 0^A-aA>3 (1)Iu^?j I jii ^JULlI I 

>5* 

iiLSjJi ^j-j'j-O Aj jJkj /jSs-oJo *J 0 Jj5-I J 6 ^,Jfc>LU OwL>- J 1915 o 

‘ ♦♦ 

■JJ? p 

c^L^ijUJl ol j-*p ^ ^ l Aj l ^ ^ < — ' l ^ l f~*S c^St ^SUli ^ La^wsJ 

2.3 JSLjJlj ® )aa <^>s-L-LaJ £jsi jJl ^3 L^jijljua (jl A^-JjJ( 

4-«JLw<Jl jJ^j £a ( 4 ^idljJl ^la-fljl j\ ^JlS-a^I) ( ^a>wU.^JI J.^.tJl (Jl& j j-^/3 > 

^v£>l jj . U^j! JSljJl ^ (jlj^iaj jljj^o ^a3Ui ^iaiU j . o^jljJl ^ 

t^jjljJl JSwJl ^p J j^Jl ^ jis ci LIS <j\ 

♦* •» 

. Eccentricity jS! ^1 la Jul^J ^1 
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<JI2DI j 

<*% 



jjjj Ojlilit f^Lu j (jL^iil ^Jl) S>ilj 2.3 JSLi 

*— a^Lj-a. 1)) ‘Lj-fl jjl jjj ^i J 5L i iJ ) ^jXr jj j) -^>,11 ^_a «-LaJ-a^I ^Jl 

** ** *• «*<► 


jjLou oljt J-« jl Jj>J Pluto jJ jJuj Mercury .ijUap j5 lilj 

•* 

OLjlJuJl jlj^JU <\ jJS jS\yJ\ LwO ^1 Q^A <^*S\ jS 

u ^jj\ uj^j jjc± n .iiJL 2 j* jsL oia^o n Svio ^jbu 

^w?lj i» jjljJl <u- 5^ oljlJ-oJl JlSwl <*_il j->s->l ol dUi ^ j . I 

^oj j-> ® J-*-j o Ja_>- J-J j t 4--^5s_LiJl I <J jljJOs 

N jLxpI ^ Jl J^t J ~* J yfcj) <w) Copernicus 

oU-^J 4 t s>JLU^l Ax^wJaJl <Jjt (jl t(<L*^~»-JLSl <La jJbjw^JJ Ij5* 

^L5 ^^SOLLJI oULJI (JLp ^UJl ^ oljtJuJI 

Kepler's First ^-LSLS Jj^l j jJUJt ^ jJl (**>Johannes Kepler 

. Law 

Jp~N j~J*j /Cil ^Lp t U 3^ ^1 4 J-L5 <l)jJli ^1 ^JajJl 

** £ ^ 

jJL S' J jjli Principia Jj 4 jIi 5 Ja. ■SAA^vJ Cr\*H jl J^J jxoi 

** 

Os jJaJL^Jl 


a * * 


. ( V >JI) 1543 _ 1473 ^jSL^jjS ^ ^ (*) 

,( V >J0 1630 _ 1571 )£ (w) 
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gj) iV^il AjELjjlu 



.3.3 


bJLP LoL ol 4_a_LL>Ji LI Nj . (<_5 j-^Jl lILL oLi LI) JL>“lj 

t 

^ ^ ^ ^3 LwsJ I L i ^ *^ I I l-^ a 4 J5 ^ - |^ ^ * 4 ill Lo jikuJl 

li^Jj . oUis 415 ^Mi ^i^sai v *u Ji _ _ j, < 

> p 4 £ J 

oLL~^ ^ <-^^1 '!» ^Lp JjJjJ *\yr\ o^ Jj 01 

M 

dJUIij JLp cr ^lii 0/1 itfc; 01 Cj>! jSJ! 01 Ofjl J oi ous 

j^jL" <0-00 oL.ljJa-O’l 0-* '4i P • “VOO*! ^-’ljl-'-» £r^ ^ 

y* 4jLv^ La^L L Jio oil . dUJd l*J L^JljIJO) 4l$is’ y , ^Nl ^\ yr^\ 

. Ja*-v*wJl ^Jj I \jj*> 

_ ^jo j-o L jJaj LLu^l _ 4 j>wLIj 4 Igj ^jjL o jJL bioLLvj>- l^l 

jjJb ^1 ^SLl LU^ l*Jjt>j ^1 v l >^l jUi ^51 >Jb LI ^ 

** »* 

g-Ja-u 4jisLtj| oj^jsxo* jl ^ OjO-O gJa-u A^JLi <Jjo>- ^LJjfcl ^JS 

oLSo . j^Si> jS\ ^JULa^I J y>- <LS jiLl <ui JJLij ^ jJl oi jJl ^ 

LbL<JtS Rosetta •Lpjj )) oj j-o> 4—51 jiJl oljlJuJ ^jJjlSI ^oJl jooJl 

«# 

*4-- “jj- 5 J-^ jj— - a-S <j'j ‘L- ^ -^*>bj -3-3 JiLiJl ^ 

*• 

^Ja^4j c <j JJL*_> N Li UaJ I j_a J^lSLl (j % >Lo s yi ^_P 4 ^>LLJLaJ 
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<JLSSJI j 


t A-flj Lm«J I 1 ^^ 3 4~*-Ll3 Lx^-P' jA>3j AJjL-^oO L| ^ ^ ^ ^ 

oly- yo UNI SiUJl ^ J >x~J yaiUl «J=il! LLl£J! ojjjJ! 51 (JbJ! £. 

-Li oLS" c.^3j ^3 c j-JLp ^LJi j jJiJl ^3 ^J-^-aJLj o jjfeUaJl o-La C-j-Lv^j 
j-* iJlp o-j3 cJaj>- jJ -Li j . Uranus ^ jJljjl <~*S\ j^Jl <^aJlsS\ 

> at 

\A>" »-3ljS' y> J5 JiJi cyjJ 

JP p 

^-Lp . Saturn J^-Jj Jupiter ^ yLJL<J!j Mars Earth j Venus 

Lo~3 dJjjj 4^Lo-*Jl AjjJaiJl ^yj \ ^jJzju ol 

JS ^ yLLJl ._j| j\S\ C^J~ ^s- . oliJL y3_^L 

(-L*j UL^Sl As L^So j*J jjjhj j y~j jS’ ij\ 4jap*-*>L> v .f7 

i yj> Lol 0 SyAJUi C-Jl jLa La <LLL>- ijl IA_JJ • ®3 y^> j_oJl 4.0 j jJl J^-*~t (3 

. U^JI jU S\ -w. LI a L JiJI olU>Jl 


^SUJJ! <u>U> ^jJl f,Ul jyjJ! jyd! ^JlL LkJLJl # 1» jca> LJLJj 

^Urbain-Jean-Joseph Le Verrier jJ 4_jLjj->- _ Ob*- - Objjl jbJl 

<•* 

^ p ^ p ♦ 

Jiy 5 <j' ti'y ^uJaP <L-y L^i CSJ^ ~ Aj .J^ j . ^Lli **“ 

-L^J 1 _r^ > ' J r^'-; ^ 9 '— | JP; J-L-Xj t3jU»J\ y« £jyJl 

oJ-s^j 1J L> j~~Ji J Lij _ J^li t ^-jJljjl ^9 Ll jr Lv9i 

1 ^ •» 

. LU^ t v-wij 

*4 


p > 


jl JL N 4 Neptune 0^1 ^ -I aJLp ^giJt c±JL5S 

3 ^ 

^,h jJmj jLo 4 o-Ls^l jJ Ijl>- LiiL>- I Jl*j ^p Ijuu d)j-^j 

Jh ^-^- A ~ > ~ s ' l — (*-^J • Lkt^ dU5 Lr^ cs^ 

4J yajU^Jl 


.(^UJI) 1877_ 1811 ( 0 ) 

♦ -J 



Ac.^_uj 
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jJl U.4J ^y>*j ol y^^-LL oLojjlj jlSLJL y~SLUJ! ^JLpI 

11 a LISLj <uj j *3 jJ ^ 3 jj \*oS L»L&J j jio o-lJLiS"! j ol jo 


<*> 


?^L>tp!Aj 1 jJLo I yl 


p\ J L?p h jJa J -Ul JJ y lj~S UL^I OJlpLI IjlA +, ^1 JlSJ 

♦* *♦ \ 

> 

<y 0 oJla j t Jj y4 ^5 j5 ijJui e y^H 0II1SI U jUy** ySJ j . JSI i 

♦* M 

jj>*j ^yLp J^j^l 4-1 Lpx-o (t^sS'jSCiJ J^pxIIa^/I jij-oJi <jl *A>-j J-43 ^ ^jllaP jlXo 
* •* 

4_J?I j5J oljlJL* oljj3 yo isrj^j a~oJ J j_>- jjJu aJI j 4 jplopl 
^jUa-p jl-Lo aJJ ^Lipx-j ^Ul (ywajJl jjjJl oli tlLta ^oj * lS y-l 

11 a JflJbi^ Nt yU cwj io 23 c 243 ojl* LUIS' Sjy ^^JIa^I 

<Jj->- Alois' 0jj3 *Ja3 y 1^-^S jSLl aE jkOo ^ll yo jJl ^A j 4 4j3jUa*Jl AOJL 

W •> " » 

. a^ojI ao 88 jjIpo N yojJl IIaj 4 < ydiJiANl ojIju 

♦♦ 

> ^ > 

£-* 4 y> j^j Aj jiaJo 4jl jcoNL Ouy>-l oLUmJ>- * •* *i^ ^ I c I Li ^ 

^1 I jl^Jl J g >SM ^51 ^Jl 1 O jJ! v l jUT JlP>l 

♦• ♦« 

A*lb <Jj>- aIoLS 0 jj 3 3jH ^ysxllA^/l jlwLoJl I JLp-j ^1 * Aj 1 j>c-« ApxO 
. yJ j-y aj LjJ Lwj j-^o jjwL) aJIj 4 yl? jl Iww^ 23 4 321 j^3 

j-o ji Aj ^JajJl yo Li I o3 j -La-o aJLL>- lol ji ^ySj. JuJLp- yo pLoJlJI ^alp- j 

. itvPjV! 

Cr° -V^ <ji <. 0 j ti jJ' •**-> 4 <uj^J jJ jl jji- v 

j 5 j E ^-o-Jl oJufe ^ jo j_>- 

p ^ 

^^Ipj 3 jUa-p yo jJw^l Lj-S^i *^i yiLM s >_S j-SLSl I -La j| Jli j Vulcanus 

** 

♦. & * * ^ * 

Aj j_4J>- 4 —x. a^vJ 4 ^ k-v^P 0-l—s^^ (_J L ^^ E *^ jm- 4 -vLI Lt^ ^‘■'^“^T’ A^jI^ Aj ^j-A-»o 

** **0 f_ 

jJ-^J JUjL>-t yp ^Lsiai 4 cr ^-lJ! yo IjLp- Lj y Loj 3 aJ^ j 4 jujlIJI 


• ^jr? j\ o* y^JJ^ ^ d?^ ^ * L- 5 ^ ^ cp jr^i yj^i <^i (#) 



77 


<JU!UI j JiLuxo 


4 ^ > 


jJ -Jij • y> <kjj ?-** j~*t ^ ij • J?Ui 

■ ** 4* 

> 

■-Uv^jJ Oj^-SL-LaJl L^-aL^-jJo <1)1 ow>u j-JlUI oLojJl j o L$s x>». ! I ^ ^J>-I s ^--o 

. cl)L-v^^I^Nt Aulj Aj cJLxIawN LL^jj 4 ^jISUL? 

‘ JU5U aL*^^»o ^jLxJI C->*Lf- <^S J&\ IJlA t^p »^->c-Jl JjJlkjl Lo JCP 

4»/ ^ p 

j*s> <1) jjLUl . 1 ,-XjI ^ jjIS 

^fl co^IalX^Jl *X>*-<Jl AJa>&J ^P j» JL- ^3 jL^t j*oJl b~S j>-\ 

$ p 

l.5^ ^ jjLSLLs . ^J-fljL^kwo ^t— ( C-l ^o»Jl cLL1_> ^ 

LitjJ cux5 ILU UFOs LiJw<>J( aJ j_^j>t^Jt s ^jliaJl ^Lw^j^'yi ^ jJl 1 g ^ — 

^LLS £t jL^JI 11* ^ L jA^u jJ aJL UJLp ;dU a 
N 5 j-fcLiaJl o Jw*> jV-^-3 ^^-3 (j£ jLw>~ £LoJl_*Jl ddjj . ^^JLp ^#Lwrfl 

A*«A I JJ li ^LJl ol j>-Uj j^J Ji cJ j->tJ juJ t Uj-L*-4j 

#* 

• aJ W«^l».vj2j * %P I aJ ft 


^Jp aJUiII ^3 ioLgJl AJo jJaj J)« «la > d)l j*Jp Uxp J^LlJLoI oiju^ J j 
■ j->LSLL 3 ^Jj ap~L>J1 o a_oj jJl j ig UUJ JLL$ jJ ^jUap j-S” jl Jua 
L»-^3 aj olf^o 'y | j~S <1)15 /jJ j-o oliLvj> ^^Jp ajo jhj ajlL«I ^JU! JjJOcJli 

. <w3l^5sJl ^jL^sU ^+43 *j Aj JCL*j 'y O^S" All Nl C^jUsaP ^ ^S" ^j4iS>x . J 

0-3jJl ^3 iJ^L>-lj>Bj Aj ^J aj A l5i>- Lo JL3 AIj jJi> (1)1 Jl>sj 1 Jl5Ca j 

•• 

(V-Jj • 0^ clHJ^ ^ J-^ ° cr-^l oXw^jJl aJL-uJI J^j C **>- 1 j 

. Lo^o (3^*^ ul cl)^^°^l-> 

JwoP *^1151^ t ^ ^ jJaJl Aj4^U«j Oa 0 1 AjL A-v^j2j ^jLl^Jo! -X3 J 

Lo 1 jbS 'j . A> :: jg )1 AllJgl>- Jui t A^JU- aL^J>- Aj j^-P li j t ^ ^1 

•4 »* ** 

b* \sl*.*+,Aj jJ-Lo L^jj-LaJ AxJLoJl^ A^Jw^vJ-lJ olptaLo t\j y*jb\ (ji (J^^l L Z- - ^ 

* 

aI? ^ jL»Ji AP ^>tJl jA Aia>tUl OwLa ^3 TjjLuXJo 1 A -AA>* Lo cl)j^^ (1)1 ^Xj . JgLljJl 
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<• ftjllsT il » Ool5 A^wJa Jl <LoU jL**>sOj opL*jI^ jJ-ta 3 

£. £ Jl 

Aj^lpIj <Z *> L I Jb .Op ^^lOol 1 w\j 45 . cJl^ljOxiJ o^1i>tJ| o-* jl U^J L> c ^oJl c JL& 

tjl 4 _*j>~j 4 Ju>eJl ^Lp jl j-JoH5sj JuLJl ^jJI i* j ::> y^ jl*5 bl Ail 

Lo <tjfeLo iJLSnJ jl iSLiJJ j*j> ja jl5 blj . iSliaiJl o ji j-ybo p j*Jz Jl JaJLw»u 

^ jj>- jl I ^L-*j>- jll li jJL* aOj 15 iSliill ( J^*j2j p j^J ? ,.! I jl c— u jj 4 Ja5^j 

.>bj-> iO>Oa ol jL*_p iJLajJl J^i-} £j, 7 o^5- j!l oJl Aj . IS ^3>Jl Ou r Jl 

} £, p p. 

i -J ^3 P^-s^Jl A^-wj <1)1 lJuk _j c l_~vw>- j 1 iS j>- jJ?LJ IajU^jI 

? JJL5J1 IJu J* *5 :U JI>J!j .Sui SJb£JI 

jL^sj/1 Oip l \^>- i 'i£j>-\ ^J\ itJSj \jJS c^jLio jl 

jjj . t-~>yUl iff? Cj\j^j • i U^-l j^l cJ_po ^yJl oU_ r iajJl i^s- 

♦* ♦* 

jUs>l ^3 4 Lft j->c_> jl 1911 AO* o ^JfeliaJl o j jll aJLL*^ ^LLsIJuI 
** 

(j j-s^2jaJl 3 jJj>J| ^Jl j^jUl <bL j a^Pjj . p j-v^Jl ip j--^ OjLaJ al> 

♦* ** 

! aJUI oLJ JL !l JL>cjI Jj43 4 J*0>k«p <W? ^3 /ya J_51ijl 4 -^j 

6 ji ^^jl oU-^>tJl ^ Ij 5-T 4 li] j->- ja 4.L "S ^1 j£\ NjI c. 

^Jlp ojlo>-l ^3 y$ . AO>o<iJl p 2.11 ^-<>5 c ^ ^^1 <1^5 jKA ^JIaJlII 

dJl 

I ^ ^1 ^ o. JL.I I 4— jS^j ^jS I P j^^Jl 1 A^xljjJL ^jj£S >- I Ajj ^ 

^l^jl L 0 J 5 Pj-v2lJ| M-Oo (j! lij^l 4 *X*J| ^jlj-J £A ip jr~vJ ^23 lo illoll j-olj jl 

. jS\i JS\ ojL>5l ibjl cr ^iJl ^ II ^ 


^3 ii-jUl ^ Jj>jjl Oj J^yflj O JL>t_) jl J^olo o j , a / 3 j I dU jj 

> p ^ t 

I- ^ ^ I ^ t ^ ■i*P ,JmA 1 ^.1^- 1 jp ^ 4 I j_T^ j~^ P 1 

J* 

. p j.^!l iuil pL>5l ( J-*-*2 j pLp-JI ^3 i> jjkUaJi 

** 

• jaT .^1 j| dlj'y 4^wcX>oJl 4^-> jJ ^>sjJi jl j>^-^- , ^ l«L>-l jl 

(jjl!^ H Jaj4>dJl ^ 4 IOj>- ! ^,kJl MJ CJ jJl jj^i jJ- 3 ^j^poJl Aj jj 
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iltittl j JSL^, 


a J 





(joj ^ I ^Jx. Ijjaa-q-ujJI (J a i > pj 4/tv II <jl <t<l > £ ' I l a_,^Xi 7j 4.3 (J^-w 

6^)J) t4*t 11 ^LjJ Pj) II ^La—ii ,jl 0 -*-JlJ .Li — uj 6Pj) irf"> L * La.-v. t < < oly i 

.^UJI ^ ^Ukll 


ol> »bjl ^ii . JiVl yic- y-SJiiJU ^ £~J oj-^Jt Xo!y~ jN 

ajjj jl£L>)/L jJJu kyy UUJ J^y y>k! y>y < _ 5 ku <_5^ 

** •* 

ti/ 

^* ^ ^ ^ -3 kAj9^ 4 ^ ^ 3 l^P ' ^ ^ >-1 p Lo—w*> ^ ^ <wv«^l I ^ I 

•j 1 ^' 

c/® L^' a- ^ (_ ^kL> cJl ('-'■" “4c j y (JrA*- 1 Cj^-*-l '-'■3L&J 

I— 1 AJi^B ^ Q i ^ ( ^.. *> ^.* 3 1 aJ lj2j <US L ^L> .4.3 

4_ULtjJl JL,JbJl tr JUJl ^.Ik-^JL UL^I :L-ju«JI 0 Jl* t yLJ . ryUJl 
jS/ (j— <XJl «<^ aJLp-» i*il jJl |» yyJl yjj L^,4 jlSLoNLj .Gravitational Lens 

. SJIS ^ j_u Lwlj Uyjji cklS 131 LI j jJl y yXJ ^yJl kXI 

** 

4_j L*JL**> ^ I L-^LlaJL) 4 JLj&3 Aj ^j>ej ^^3 cfJJAJ 4 1^L>- 3j}.-L>t*a ySfl 5u ykJLj 

p. *Z 

3^^— «SiV»^**’ ^1 , J 0 ^ r ‘ - * ^ A 1 ^ ^T— 1 1*^—1 4 t ^ wL^g-j 1 ^4 0 y-0-^C— 1 Lj — >.ii^.O A^3 L‘^/^ 1 ^ I j * 

L^_*3l j_<J Jw<Jl>il^>J I ^_£ j-^UaJl 0 (^JLa 4 wL>“l j Cy 3 ^“-Lj A-^J>cJ 

m* 

p. 

DtoL-A ^|— • ^ ^ »fa ^ vw _i 1 L. , 1 T>- lwifc '• '■) ^w^»— ) P- v42— J I , A_X_*.*J 1 P L^ > ^J 1 t, | A ^ ^ — . I 4 ^ — |«— ^— I 

L&*L>-! ol ^JUaJl /r^i ^ o 4-^»j>«jJl d->lp j-oj>=-oJI 
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<*J y~$ 4j3t>- p\£\ (^>jV I ^ Jls^ _^l JCp) UUj ^.-o-jjj 4_ii>- 4-JlP j jl*Jl 

** 

y* J^LSdJL ^j-Aj (jl Mj XjX^& Jl yi-P ^r*-Jj * 

yp 0.-i-*-*-) 4_sL*.*wd yip . jll_>t_oJi ^^»>cjJl wi«JL>ciJ d«$l jS y > ^jjl 

«• 

4^w<>dJl J 4_3 j^*5* 4j^U*“ jlJ y y^^lj) 4 ^j.^wOwJLll 

p £ tf p y & 

( g < l S ■■ O^O^J^a J -\_o 4_o 111 I (1)1 (Jp ^ C OU>- J_Ul ' t-O 4j jLiLa _)JL*J 

. (5.3 J£JJI Jill) i-JO* 5 jX. 

3 p £ 

wL*_> dip jUj 4 ydxiiJJ yjIdJLljl dojJ yiJl ^3^dJl ^_ft> li-& 

L&l yil oJL-*j>J! 0->lsy . <LoL*Jl d^dil Laij aSJj c_3l I d j I j 

«* 

* j-jJl jl Ju>- j SI c^Jl^JI IJla ^ ySU ylu yJl c^.al Jui 1911 id* 

* ** ^ 

jl JJLo j-aLo Lo_> 1 4 4->-j3 0.00024 4-3 j>^j jl Jj ^ydl 

** *♦ 

. UL>* 0 ajj! j j 4 1 j-LS* 50 dip *-L*_o ^ J-5 0 j_SsJ aJuUlJI ajjIjJI 

4wA..yg.) J-ALw *L<*-w*Jl ^3 ^^JlJ jl ^j-wk*<>dUj ^J^ljLdl AjjljJl (jl ^Jl jLJd J 

♦* 

y« C^iuJ y> jdL*Jl j j-aJ| £-UsLa ^3 0 ^iyLoJl 4 <OjUL$Jl ylpl (jl yip • A>"j3 

^yil 0 ^&UsJl IjlwJI 42-s^>- y« jix^5^L> 1^ 4 UyjJl y« ^yJl li*& 

> f 

• 4^> LaJ I I l i2 i IvwO 

♦ w ♦ • 


2 J > \J 1 O' ^ --.3 ^ <Loj^L^J| ^ OO.iLaJ0 

Lfrjl N! 4^J^I ^ oO^-lj iikoa Jlp l^^J! ^il 131 SjiU Ji JL&1 

*• 

J»M| ^ £jij J* 1 N 31 ij^ia i y,Ui ^il ^ 

L^K »«» . I 03 I y>J\ OwLa <j| j— P . 4-A-^xi>“ ^^i-P 3~L*Jl J-> J_j N jwj>- <C-w*j J5 
. W A3 Ljy>- l^>- (jl wl.43 ^ (^ 5 ^* 4_3j-^ 5" wd y>- 

M 

jjlL jl j^Ul j->a oV 4 4j>JL^ Li i-£JI 0 j-^531 J^^l J5 (d-w-Ji sJjJ J lS 

«* 

C-^3 jJl ^3 4dp-lj J*-~J ^ ^»j->dJl JuL>- ^^J^l J ^^vw^Ljl uiLaia-s^l 
yip ylla : .7 j^o ^p yJJu>Jl <jl . Lyg >1 j^iJl ^0 L^i^ oJlft cJlikygl Jjio ^Jl!I 

(dJllJl /* I 4 Ot_^J>cJl A a_J >dj w^_d 1 a-jg-Jg 
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<1U5JI j 


★ 

★ ★ 

* ★ ★ * 
★ * 

★ ★ ★ 


★ 


★ 


★ 

★ 


★ 


★ 

★ ★ 
★ 



★ 


★ 

★ 

★ ★ 


*■ j-a-j J-Aj (I jLuij) > I I ji-LJ >( J» a (tt 1.1 4.J 1 aLllJl 4 tnj it 11 JjjjLfl-o 5.3 

4j^_Juj S j j) i ^a J I (_$-&) .^Ljlx-cu^ *— ^jL| ( jxl^JlJ1 

sjjlsj jy * aJL jJ_>vxJlj jUio'yi diiiJl ^Ip- 015 J I I — ^ ^ ^ ^ 1 ^ I 

* jLli>~Vi yA 4j^kJl jJ ^_3j jiaJl u! oUVl 

ckk 1911 ^ oLL^J Uij wil ijlj 01 

Jwws^LiJU wU^j ^L>- k yj» 5 jj^UaJl oJlA ol lijl O ^50 Jl ij . 4jikl>- 

^1 oUJl k, r ~li IjcwJl c~kiU ca^cL^Jl iJUiJI i^kJ iljjJl 

k : N kL ^jLwj L^Jcw2j iiUJl L^jJlJ jbOli ^Aii?UJl 

♦* 

cOI j>*j\ 0.00048 \^\ i LfljT Oj^S"wLoJl 4_<>«^ljl 

fetlk S y*lkil oJL* ^LiiJ jl" Ok Ukj* J . o-jj 0.00024 ^ S/Jb 

! ^ L . o jkj I ^>“1 j? LoJllp 1915 ^l>- 


5 j-fclk jJ Oj j-kj ^0 j-~+5 ^ jJJl ,!j L^j 

jLJu^ j^AJ! jL* dJLjli t 1915 j 191 1 ^ L. JLJliliiJ! ;L-J_Jl 

*♦ 

. k-AwLs^? j ^J|_ Okkk 


L. klikJ! 


,j~* *ljlp ib Uois jiii j Vi i*i 

j»_^JI ^y> Iji}* <ui (.sy 1912 JjjljJl ^ 
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<Sx,^_uj ^yA l 


* (■ 


, y>cM O J 4%is>xj* t cJS jjl JLUi ^ c-il>- 

^ ** 

La LLoj>*J| l " „ 2 1 L j 1^ 4 1 ^Vj_p oLS" U^o *XaL->eJ1 I La 

•* 

l* LoJ ^j-^-j p-Ls <• ^ j-Jl Jl j-U C.* 1 la A IjLLa-^l jl N jJ t ^L>«jJU I 

V >LxJ>- >X*P jJ 

* + 

^JLp I j_?o j 1914 4jw**# oLJl *L^Lp I 4 J 1 P jjjJ AJLs L*jLJI 5-L^->«Jl LjIj 
oLvljjJ! o j^Jp I jl5 j . Crimea ^ jJJl a-^L jr* J ^ 

Lip L^j>j iwLL>- j! ^^Lp u jAllaJl x*p j] iJli^ U j A ^u^LLJt 

^ > 

1 jLw*j I La cijL>-^J L^ajl s-i^ J-p Ij . oij 

*♦ 

£ f. > 

^ _*~i JlT - 1 '**-!-> • •**'-> cH r 1 ^ ilA* iU>Jl C | ^ C 1 

m . ^ ' 

& 

^»lji y**) 1 ^3 ^s^SsJl CKd (*-t? t4 ~^ ^.pjl J'j^^'j 

{ jp\ j\ oL>ti 1^-wwLj 5 Juj>JI oJL >-jj c a^<JI*JI up O oJjJl U*Up 

j • > ^ 1 * 

Jl£pS j c^-^LwJl oi jJI A jt yaJl ^ IaoI ji \ tLoU-* 

<, ^ *>Lm-U lUlfl-Q. ll <LoJL>* ^ ^Lp jt-J (• jL-S/ i 

oi C 3lJj J^d J-*J A 

JLJlpj c l ^ L-^IL j o jJajJ ^jLgjJl JLLxJl ^j-s^ LoJLj 

dJLLiJl 



^jT] U^U Llki^ ^ 1919 ^ ^ JJLJ5 Aj 

. o yblliJl Ju^j ^ Crommelin ^A.S. Eddington j ^i£o| 

•* •• 

oJC^waJl i«L*Jl Aj jlali ioL^dJl (J^ 5 ^ ijlS'j 

. U^JI lUj^l d^l t^JUl jldl ^1 


.(^^JO 1944- 1882 (®) 






1 <J\ Jtji^ OJ^ ^ 

i , 

^ W.H ^1 ^ -<*—**31 ^J-S3 t 13-& ^,«.^>" ^3 Lj^L>- L*»-«4fc->- Ll>I ^>aLwul 

(1)1 . ilSl^Jl AjLajia^o ol^ji ^ <S j~* *t c$^ ^*1^1 4 _AJjj J-*^ 

•» •* ** i vT 

X" ■* T> 

^ cr 3 ' A«J>L> J^3 (j£ ^_3 OwLj j-fiJl Aj ^_L*_$\J l 6-Jjk ^_^j>s_> 

,/ ^ ifi 

*^j3Jl <1)1 iSji ® j y * ^ ^ 1 ^ w4 cJ^ j^ 3 ^^^^y * aJ < l)L**j^n 

^ ^ 

A-l^>xJl L^-P SwrfjJjp ^JlII ^xJl A-J^/l JL^*u JL>- 

*♦ ♦* 1 « 

,U£Jl 

** 

Jil^Jl oLSUl I j^J ^5 -^L>j (_s* ojiL« cJl«J 

Aj^U^pI jS* <bL« AjL O^^Jl ^Oj^jJl dih < —A+/2 j J3 J . A-«l*Jl A^-wjJi ^]| bd*>>l 

^ ♦ -' y 

A-JLi^l objjj>- eS^Jl Cosmological Fluid ^ ^Sb\ AlidJA J 

•» 

^JLfii]l aJ^I^o ol Jj>- j Lo <1)Lp aJl*->- (^_aJjj 

i ^3\ Variables ^ J*^ 0^ oli^UJl aJ Os3-UI L^_pU^ 

o 5 

J*i jl U <u£J .(j^>!l jjj-y o I ^ -ijuJl dli-J cJj-O wL_Sj 4(J jbUl 4 .,.jL^ 2.J 
3 j-SOl 01 aJ^L^-o OjLil JJLs ^ 4j>^y A>jJu/aj J^l>- dLta 

hid Sid jjb ^ Ul i^bJl a :: ^:JI LjJ^ il cLi'U 

4* ++ 

. ^1 >1 J iAj LjU^i 
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Acj^lu ( ya Fj-Udl 
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■'_J' Cr* J* ^ 

w* <Lw2 j.o^g>- J Ajli>- J 


jS ^p-1^31 

4* 

4 4.5” j-L* <U*/? y«j3’. 

iJufc j . ioi>- o ji 


i*L*Jl A-www*jJl oj jjl v ■> ^la «,<a .oJl 4 

-J A>-j^>- U^>- ^ l U2_*o 4jCsJp 




44 

/ * \ « *■ / 

4 \ ^j O Lw<*wO I i»m / A>«o JJ-A ^ I \ ^«0 U. 

^ P ^ 4 

I J-*^o lo J-Jo 0 I ^ Jj La^S* ^- a jS>xj bo b 


•A w^>vwb i , i )<a *o Aj^ < ba -S^l^tj A.^«vba 

4 4 44-4 ^ 444 

44 

t 44 * ^ ^4 

■ AjI jJS a/>\ *JU0 1 Jt^ 

-) 0 ji aJUUlJI OJlp C 1^1 »A' 


IJUju IoJLJo ol b/° *^fjj LaJ5* j- 4 Jj>tj LoJ^xo (l)b ^Juii A*<»b-*Jl flj latf S li 

*4 

. UwJl aPtJ L^lp 

L.’UJ _ AjUiJl S J3 UbjJl iU? _ 4,k : ,..-Jt UiU oIa j£J 

44 44 

j j ^jLSl j^Jip y~> Ja>- 4 y jJj t LSU o ^^Jl Oj^j l)I aJI><^~»Ij J jJsJJ 

•jA <JSj U5L- U jS U*S ^ : aJUI U^UUJ Uij Up 

44 

4j\y>-\ ja y6 6Sf «. aJL 5J slip j c-»J JUJI ^ jL^S aJU ii J lili . aJIS ^UJj 

44 

ii Jai\ j Big Crunch *-Jap iwabJaJt aS* j>o Ji\^> ouJo>o 

^JUju b) o j£jii iSLil!l 0 5J ^bu>*JJ SJ-o>-jJi 

^ 44 

ip ^j/2«A > cj ^3 ilU&Sl jj3 b 4 oJj>- b^bp 'DiS' f-L-Jj ^ I U3 J^2 j1^o 

A-SiJa-—* -XowL>- b/^ (l“^ bow) o^LpI b^b-P b^owL^- 6^j_3 4 ^o^-^bl! 

4% 44 

cJtf lil Ijy! Ailil vkJ ^ »Ju JiiltJl ^UJ! 5y . ^^531 ^ILUl 

jJl>- u-Jo?xj /^5b>o AUj ^J aJl 4 iul5" ^jbbJl jj>co iS" j^>cJl AP jh^ 


^jl>«Ji ^>c-f iS* y*J \j jZ U^CUP i I iijJl ^y> JoJ^>o o j£js}\ Qjial! 

diJJJ Uj LJLpj . i3Ui3i o yj SJ 55^>JI : L^a ^jJb. ^JuIp ^Ul 

^Jc>- 5 j-3 Joa j) <cJuS* j! jJL« JoLio La ^y*J bj-SLSl jj (J_L*oa bjlj-> b)l 
i^wvvb>- <u>-jL>- ap yjj iib,^ 3 dlibS* . ( Jo wL>“ ua tj\y>-\ oLL^Lwb a 3 illiiJl 
Ula j . b) Escape Velocity ip^ b^b-^o La ^a 4 i* jl ?ua iliS 

44 

(_J^Uajl AP ijj ejjlJt« <JjI>ij ^jjLaJ L»j A^jjl JOy 

^jUJ! *UU J> r u J AJtL‘ 5 y ^.“’ciLkJl >1 J UU:l UIp 

44 44 1 44 
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6jfrJq^ 


iJUiJl 5 jiJl -ui cJUp ip^Jl is^i^o oJLS* 111 Lol . JbVl ^Jl 

i!L>- ^ j^l JJJiS . ! j 1 j>- ^1 aJ:>IpI j iSUJl 

j-^ io^*L>- ^jj_S* ip j_» <L^j J I Aj>xj ^ j C o ^sai 

•* 

• <_*H UjjUj 111 J ^ <u~Ai Ik&ji ^.yJl 

^ JUo j_^LJl J! J^_ ^ dj £ Jl jli ;^5Ur S ji l)l2Jl oJl5 UJj 

^ 6~Js3 j Lo I j>Aj i L /g l. 4 ) _^l I^-Wj j>z}\ ^11 v jjo IxjL Lo i (Jl ^>-'y I 

‘u'y^L«_< i j-5Lv< j_^5 j £*lj L«.u^ c ft j la ■*- Ij_i Ljfc j 

. aJUL>J| 
*• 

^ * * •* 0 > > 

ajL^-LiJI ^-3 L>t-w*<lj IjJLL*~o j ySLJl ijJuoj.^ o j-^-9 OoLS* 1917 j*.-.^ 

** +* 

J £-P jl Jjj * . Jbj'^l ^ I JjVl J-o a^jIJ *L>_*aJI jlj ^ io jjJ! 

• L J-o j-*» ^ L j_S* jJ L^-pL/? ) ^Jl JJL>tJI itaL*»* j i jl ajc^va-4 

•* 

A^t^l^Jl A^AaawL& J I dl*> I \j) AJu^LLli ^jLdbjJl |JL& A-^J>“! ^j3 AjI ^J L- l J j) 

♦♦ 

. (*^J _/ 

il (. jfiS Uaijl I Xf> ^ ^£j UJ j*SL&}\ .xJj *>b-j (1)15 jJ <bl ^y> j 

L jlixJ Jj 4 1 §J ijp-j M iil o £^JaJ jl ojjj-ioj jL5 U 

jZ£\ vUJl aJISI jS o^Ui jl £il jJlj . oLw^U jJl (Jj ji? ^v^p A-Jl 

AjL)jJa»j l a , ft-A.ft*- > ^j-j L o jLp^-*^ • £jjJL> a_*_Lp ^Lp Lo-^o 

. j jS jj^Oj aJ £^l aJla>sJ| 


j-A 4 AjdiL*-o j lp aJo lX^o ^ jls^o 

** ^ 

OoLlSI)) j Lo I j-j-J (^aJ! (A j-Jl o jj>cJl) Lambda IjloN , ^> : * Il 

** *; ^ 

2 * * * 

^L-^l X>- i_L LsAjj-p L^_a-o *}L>J-*J jL?j c ^Cosmological Constant jiLSl 

** 

4 - 5 L>- (_yil >aj Vacuum A y>o\ jl Nothing e>\^\ ^Jl jj jJl j iLSUl j iilkJl 
j»->s-3i ^ ♦ J-£-l*jJi iii^ ^ jj a^jIj ij jiaj ^i\ pL^a/I ip ji j^o \ p jjj .5 
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AC^-4-u ^ ^Jjuu\ 


i - > , * t 

Ao^iaj (j-ijb J-P l) j5Cj jluJl jl^>»l Jo# culijl ^ y^> jjy* J J^J LbL^pl 

<* 

• ^3 L^i I I 


aAa^AJ *X3 ^bJLbl aJ^La^o ^1_P Jo Jj*j ^yjS3l C-ollli <LM 7^o>w^ 

ijUaP jS jlJtoo olj^Jl jlj ^ t aJp jL-P N I.-L^j>- 

k\sJ>*ji y> S l\ ( j& ^ l& j-A ^>- ^ c Jl^uJl J~— *> 4 C 'J" S ^ 

f- p * 

t Ajjs (_£^. !' i^-3 Oj£S\ ^ ^ (JJljCu LoJ^-p LoLoj 

j*S* lot j JLo *^Lu4j IjLp J-Loy I j-A I^OJJ ( Sjj OwjLlJi I j-A oL 

- , **,,.** ’* # 

A_P wo>j d-^Lflj Aj jJ gL> ^3 ^-Lo»-P ^Ijol 3 * d ~ w ° ^j^-L>6--J| ^J-P 

*• ** ** 

.S/i y, jy ^b, iu:i u ijuN £yij <yi ,0* ^yj ju* ^\ 

oobU ^jVi (.US' jUT OJU wb^jl JJ^S' J5 oU'Ju Uji ^ L5j 

jl _ iaUdl 4.. ^U lijj _ UJ Lo jL*j> oL jJj . 3 j*P C->'S JT^ 3 “Uj-*U> ^jjjPSl 

*+ 

ia ^iaixJl ^ Jb jia.>- ^IwU^oi ^J-P ^JL ) jisu 1*4 .** ? aL^-'^I 

•* ‘ 

^ I i Lv2jI aJL2o JlS^j p JS ol J-& JoULdl 4 j>-jJ|j . ( A-^^^^y>cJl ) Aj^s^LaJI 
*• •* 

Ao2-JL>cJ! . Ao (jLSCojJl ^Jji jAj 

Jyjj A^vwjJJ aj^w?j otj^Jo J^5 UL L^iSsJ t bJl j^>> ^p IwLoo aLa Xo S Jo Jj>- I jUl 
j^azjLi ^3 s. qLi L ^aj oLj j-fcLk * j 1 1 cj (JLloJI ti ^-Lp • ajI^-JI 

o| ^ uoy is >=^Si (.l^-Si ^is * j ifji j.; t f j-bJi jy^- i/uiLii j^p 

UJL >“ j aS jy>cJl LjLA^J! . 0 jA>tJ oiio^J>sO jl ^j-y^ L>J-® LpL*-v^ 

Lw> jyS\ (j Cr° : UojI Lf^ 

Ojl jlS"! f-i t yjl <j\ b-^>^P Nj . OoU 

A-o-lJl oJl&J ;\-^wJjo A^\Jdi\ Jj 4 A : ,., : la;^a j_l>- ^ 

L^o| ^ Jl4jco A>- 1 y*\ ob^uyi ^ jjc*"" <_y' ^ oiiiu 

Vs ^ V “ 

^o JUJ^J J. l ./? ^ yS aJLaIJI o y ^..a^oao ^ AJLitJl -U jj o^LoJl < wA^ a 2o 

. oJLAjco aJLwwX^ ^3 aJI^JI 
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1 0-A jUI <bl ^jjtlJLtjl itaOca ^yi LoL«J jjJjjl I jlA Old 

lib ? >Vl Jjfc ii\J£ iji jj y _ *1 _pj| _ ^JuJl)) jlS^L Ja : ^Jldl Jb_Jl 

?d >JI Ojj Ui tdJIUd y.^1 OIS" 

(. f, ft «* 

ol ^jLutjsol iolp ^ 4 <J V Lgilj Nlj-*^ jJJi jJUj Lo->J 

P 1 Si ^ ** ifi 

( J-L Jl jl j . Ub>- o^Jai- oLplJu L^-JLp t_J ^J o pLg_L> iJLL^I 
^Lp XJjcJl AjCsS^j jlS” «^JL*Jl» ^ ^^LlJLLiI jl £_SI ^Jti £ Ajjki jp ^Jip 

S jji 5J t ^ j£Jl c-jlill L^o 4_JL>- ^Jl c oUJL Jl j^Jl 11* j!5 j 4 ^IjjJl 

. oJjbca j iS^Lp 


L* Lx-wJi )) jl jjj^jLj*_j I j-jLS* pLgJl^JI ^JLp j-y^ 

dUS ^^Ip Ijilkl « Nothing ^wL*Jl j\ Kp^^j'Ui*) JaJLkj jl JuN ((Something 

i^jUJl <L>JU LJ ^JlJI JuLUl ytj ((Ether jJi l» ^1 (U^Jl» 

f. ^ i 

‘ jr-* Oji . Jl <y Lf>-'jj (7J ! cukLj .Ectoplasm 

•Xi ^dO/l <1)1 £-*j • *• j -i-^ 1 1 J^}\ U ^Jl Up- 

iC- } 5* £ t> i * 

• Uku 1*1 4— jjJijJl JsL>J jU 4 jJl Lo jp Lo ^ jJuo 

jl jl^L&l p j « /? . ! ! jl I ^1 1«S* ^vO V L jws^2JL> 4*4,Ig,«.oJl 4^^l>wgJl Ojla 

»♦ ^ 

Cljl^LA^I Jlj • ® Jl ol^J J LaLoJ La j ^ Ha jlS jJl^JI I JlA j *: 4j>- j^i 

JiU Ia^.j ^Jl -iSy^ pLJI oU-j^>Jj ^1 i V 15 _ <_$ ^-^/l 

4^? pIp^ | /^a p| ^ , ^ , S I Lp^j ^-Ld . ^L*-9 j^_^j jl ^Jlp 4 L^o-pJU 

^ S» £ 

. CIj a **- y2 -) j"- ^ o 1 1 Ja-» jJl c- Lc- jJ I Oj-aJI jL^wul jJlaj l - -v. . A 

. iibj- ^ ^ oU^dJ ^ V dUiS 
*♦ 

01 Ua^-J (. LJLlo Jl_p- 1^-9 Oj^-jI 01p ^ J5 lib 

*# 

SIjP id ou idJUi ^ J> o/j cju Jd Jlp La^p Jljj 01 

. pL>-wJ| V*>Lo ^J0>xjj| ^ jJJi ^3J ^4^^ f'LvajjJl ^3 ULla 

^ ^ s ^ 

j^° ^ i m s^ i Li*. a *<>a) LojISL! jJbXjp j^' 0 «a *a> Loi-Up 4jI ^^pI 



p^ «aJI 4£.^_4_u 
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o^Lo-j t)b-3 aJ pI ^j>JI l)LS^ j\ i pj^^Jl oljtj-LAl J^i j-j ol oL-i 

M 

Jd jLo- ^1 iLkU! oUl JiL- tjs jNl J> ^^dJl dJUS jldj . 

•• •* ** 

§! 1 g ^ A 1 1 \ (j| <L fcwjjj P^— *^2_J I dr 4 Vt Lftij^r-j d#J-* J-d — ; Mj 

Ajj^J^I a^LoJl oJLg-3 dli^ J 4 pLp-jJI Lgjix-*^ ^d>- I 

^L s*3 .(Ji^j>*'yi pj-s^JI jL^jLji cLlk <jI t o V-S n->» JS ^-3 

t* H 

dJl>j diUJ j . y>-T l$\ jLi t ixSi jJi 4 JLjI>J! ^ £^>- ^jSfl Oi 

** ^ 

. ^JLp ^wcU! o ji!l ^)! y ^xJl ajjj jJI (Jjl jj>«Jl p-ia*-' 0 

I jl^a j <u *b/ j_o *)U I Jd>- L>xJl A^wwsjJl aj jJij ji 

Uji^J ^Jl olji^y I J^ki jl Jl 5 i^jSM : P^i ip^ oli 

^jL^J ^iljJl oJl5 v±Uj ijj-JNl ot . p-j-naJI l5 -*j 

W' ** w f —■ 

^ p p. ^ 

£j>Cj Ld~JJ . ^9 jlil jljd- 4j-^J ‘^JJ- 4 — 

'r'W^- dr* *Oi^* £^l J*Aj d^ Al u^r^i j r^ o*^ 

P y*JiS\ 4Pj-ww ^3 J^kj Oj ^Lp dllk jJLjj C (1^5* ^>- okxjN Ucj) AjdLl>«-P 

.(^UjJl ^!l A^*jJt> Pj^aJl olpxj^ l*-o) 

- jJJl^jU ajj^J iJLJl aj^xJ! jl ^ dJJii t cJLi lili 

*♦ 

l) d)i ^ l^J ^ j) *^gJl A_P cIaL^j A-iL«_X^Jl) y^ 

%♦ 

vJU L^ i- Jl AP^-JI ^3! j^o^l j5^ iJU ^ 

kj * ' J^i ^ ^ ^ ^ C oU Old bli *Ji\ Jl 

*• 

. JdbpNt JU oL^. Jdd dl ^jjl 

(_£ I jj ^ i_«dLdl CjL?- j-1A.oJ| ( j_a L5^i lj_& Jy -/» *1 jJ j 

> " 

p ^ ^ jl p 

dr 4 <J> ^LrH - dr-AdoU ^jUJ dl ,j-aj«Jl 

W 4* 

Ujj j£i\ dl d^i aliiP^I ^»Jd tSil* Jl ^ ol^^Jl *X' 

^>sJl I J-A jl ^t-sA?l jjl j-*-*^-* ^ pL^^i ^>-1^ ^ 

*■ td iS^-i c r“'->~ ;, ■^' dr^ o J -T^ s ' A-d j-J il : L*Ud k-ld 


^yjL^jl 
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£jUJI 


a^>»L^>“I jt^aL 0j^£ j I ojj j*jf} L> jJUJj t^Lil 

— <_-> jL >«-> ioLpJ i!jL>va j^i-P j-v^i ^®J . Lg-jo 4 ^sJ>b_^ jl _ 

^ I A_P^_^,a> ,^ -3 ^-^-*— > ^j_P ^-i *^. S \Jl ^^-3 al i o j_*-j o jji J ^*<o 

" »» •* .. 

oN jU>«^Jl jl N I . a^Js* jl5j>^ ^i-io <- JL>JI 

•# 

. I ^LjJl ^_i. j5j I j j <. 1*jL jl>tJ Lfl5 

l/ -f—j J* j'j^ 1 ji Jli <y» J j\ ** ^ 

J 

U>UJ| ij. vW^Vh* Ji ^_^kj OoLS” U *j^z}\ ^ j) g, h.a ^3 oJjLaJI o jjfc ^ ^ j^>^\ 

JLii 4^1 ^JLp L^P Lo^ U>UJI i^-Jl ^ J^; J lili .Li bSL^> 

^JJl ^lajl wi^s j . <L* jXcJl ^ I ^ jvLlj j*J ciUl ^ 

j^j 5 JlP~ ^ Ijlp 1905 iw^o ^I^jjI <uJL>- 

J-& ^ 0^ Sji£ dUi £-AJ • < *-~ 4 L* J _ *L*Jl*Jl ^^0 ^\ /^P 

jlisi 4 jiwi ^ aJ^UJI a~~*jJI j ^Js> oJIp ^iSl ^Jl i> ^5U3l iJL*Jl 

t Ljo jiaj ^3 aJ N ij-*i ^ js* ^*jI^ jp • oJlpI jj a^oLa aJLa^> 

( . ® < jlia4 j^Sw aJL>- ^3 jL, (* ^ 0 j^J ^jJ il 

. ^IjPxJl *J>\ JJ>JI 4^J^Jl 4jcJl*j! ^ ^_ja jLpI JL 3 jj5o jJJJu j 

L^5U-4 liij^a Jj^jl 4 iJj5 jl 0 J^-P ^ij 4 0 ^ij'L dJUi Jl*_) <j| 

4 frljj>xJl j^-Lp jJl ^Li-*^l jL5jo| /^p ^1 y 4 LoL-^j 

l^* j^Sj j! J^fS . aJUj jj jj J^JlP ij^li IJlA ^W 2J 

?u 


r > 


L^^w^to** 1 1 Ljj , ^ f* L j ^ ji lo , * *— o ^5j.oJ 1 (-\ «3 ^ L<.wu o^—" j»o 'i/ i a d ff. > ,j . i ^ c- J ^ | 

J^o'yi jl® I *>\jli 4iloJ>tJl ajA i^jjSjlu ^j^JUs) ^ J g j /> ll |JlA e-Lj-jJl ibpl 

* . Jd±j\ Cj* J 


(^) 



p Jj lrt H &. JJM 
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15 


? > *- 

lJl5 Bern d) j-y> AJoJ-« ^3 d)l5 L^^llp 

. ^j-P I Ju^j <L*!jjJJ 0 ^*-^a 43 j-P ^ 4jU>cjIj jl5 4 C->!p!jJ 

L^JLSvJ . 4 o jJ OjkvJ ^ \ JaiajjJl ^oo j_~5 3 Jw*-> ^-L*_j 0^5 & 43 ^*Jl ^3j 

****** 

J-N I ^ J jLw^Sfl cr i*j ^ 

♦* ** ** 

-jIjjVI pLajI^ jJl*J j]g\)\jj . (J^LoJl pIj>-jI ^ 4S*jj>Jl 4->^>cJ 4 JU 2 -A 

«♦ 

. LgJ 0 4^1 jj\ aJjXo^j 0 lalatfU l^-LL^I ^ *< — ■> jJL t^3 jjb 4 l^J5 

^ •* <p ^ 

*wO tjl^3 i L, j-flJ oJlLp 0 j.* */*\\j 5 JaJsuaJl 3J-P J 3 L 50 4l^Jl 4ji-L ^3 

«* 

>-Tj Sj_~-S\Jl la la a U LJLj ! ( J5 ^3 (jl ^,a\s\ ^J l 


t * . > 

4j>s3j2>s l. J 


P ^ £* P P _ 

^j| <^Jfe3 *X3 ^JJLaJl (jl iJLfc ^jA ^ k XS^j <ji p j-oJI (jlSdaljj 

3 y>- j ^iil! O j&i o! JU « . Something U l~J>» ^Nothing (jj5d> d)l 

li|j . ^-Ip l^J ll^j ji opL-^ 0 j-^^a Jl iaiaaJl C-JI5 LwjJj 4 

> 0 ^ ^ y 

0 ^ hA^23 1 Lj 1 ^1 — I I wL A ^ 3 I O-^S 

✓ ** «• 

Oi ^l.i ‘u *■*! 1 *1 ■ ^ I A-43 JkjcAJL>j . 4»iU 43 jJLo 4^«-wJa 4^^U>w<Jl 

3L>tjJ (JjL>cj u^-S* lar^iwSwO ^ . aJLaJ jJjj Jii p! j«>sJ! ol L-^ j-« 4 j»wL*Jl l3j_>“j 

j! : ioji> ^5 J4U- «. ^ USU^ dJJ^ Ja^J ^j'_^> 

•» 

<1)15 ila xJl ojufc Jl^pj . Repulsive jl IJuU Oj^j jl v— «•! j5xJ I 

^ j5L- 0 j5 iJU^I ol iM ajV U ji pIj^JI jJuu ol 

•* ^ •* 

IajZ\^\ p|_^Jl tiLU 0JI5 . iJUiJl 5j5J 5^^ 



> 

4^-s^l jj J- 4 Repulsiveness ^^Lp JJjJt ^ yu 

^xvj> (.5^ 4 j31pxJI ojpaJl 0^-> ^JsJU 3| ^ 4-oL*Jl 4-w^wjJl jUaj ^3 4j>s_*^>ij 

^3 LwaLj Ji>-^AlJ Lo-a-w^>- JaJwaj jl (J jl^- . ^Ja-i-vaj 4lil5 ^3 



. ^ p # a 

4jl3Ij ^^3 ^ ^-L^-P (jLl» ~h*i Q-i i*> •*■*■ 1 1^ i ^ • iSy^\ 4JjjJ 

«« •% 1 



91 




5 C— >IS” jJ Lg_lo o jjt JUJI J j-SLil >Jb>* ^Jlp 4 JaJwiJl 

jin* OV tUj- Jy^ yl /I y /VI 01 VI . /V *y^J V ijU ijS 
-li-lOl j\^ju> yU t l _ r ~«-iJl y y^- j tl^ly^Vl |»L~/Vl y iLSOl 

‘^UJI i~~Jl jjJ? jt. <u yll /1 j /VI 11* </J . -u^ 1- yJl 

. <cia?-‘l a y> Ol£U c lajli liai»./j la» ■/•> t_fJJ yi*»J jii 


'—•1*2 y» \y>Cj V Uy>- Jj tk-iVj- jl* yO / OOiHl y» jXei\ lift 

J^JLjI Oji (1)1 <. 0-A ^UllA^L O^y Jj>- aIslP'-'OLo 4_gJ ( yS\J ■ A^wwjJl 4j C->L1 j Lo 

^s* j ^. JaJ jl ^->*j J-OJl jUl 01 J • (_5r^ Ja-w* Tension y yJl j\ 

*4 

^ j_Lw 3 ^UUa^o ojji 01 • ‘w-’Jj^JI ^1p j»Lwvj>-Vl o j JO ^3 ^^LOs-tJl l^LO 

•* ' *« . 

& 

9 

^ ^ ^ i^r ^ 

. t*Jj^ j 43 U^ ^j3>x*o jl AlllS* y* 4^3 jy^Jl ^Ju>Jl 0 j JO ya J3I j Jl>«J| J^Lp 

L^-jj-^ Lr* 01 Jy V jJ-JL -4 4^0*1 j^w ^3 J jJLSl cLUJlS' 

. Ul iiUJl 

** ♦ ♦ 

V lyl /J cipLxpVl ^»L-/Vl y U>- Jyo> /VI 01 yy I y J>0j 

* s: fr 

A^-o O^j. yl*A-fl-o oL j y-/0 — L l. - - — 0 -*Jwq»j 

A-) jiaJ Uij a-oU- 0 j-Ssj 01 O^i aJLaISU Oil, . <0 ^ibJ aJULLSI S ji 

0»L»J Jj>0l 1/wJu Jj>sJ 01 j-fc AjjiOj aJLaJ oIJjp-'V 0 -L>jJL Lo j tA-*^wMjJl 

. $ & 

. jL>o 3 j/! t ol Xo ^!l I^jJlOwoj 

0^-S* Loj^e . N Lu O^Lj J3 o-!jj>OI 0^ oL>-LLoJl ^I^Lo 0^-3 ^y> 

aJLL? fj\) aJj 5 ^1 j->*Jl plia^'V lw?0j aJjIjJLo a-L^»j 01 (JjL>=j 
io IfjJ. . I J^r aJLp JlO 0 y ajILpI ^la^o N All Jl>- j (E = me 2 

a-J-s^LLJI a^ jj^JI ^>3 4J23I ^<Jl jJI OOO^Jl aJ^U^JI ya jjy L^jOO c *>Ui 

. 0 yjl Aili, ^ij jJI 

/p ^yja; IlU UiUi jUVi 01 o-ja /i w oJLp 0 yJi lo sy 01 
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-I j2>tU C)\ (JjJL . Udlju JuU *1 jJ>dl ot dUj> ^jP ^A) J t AxidT jUI 

^ * 

• b0.«.^ L) 


J5 JM>- b jlti IjLlbl o j _^Sbi)l 4jLii» l ^.Ja? *' aSIW j 
jjL>«Jo ioLaJJ 4_J_9 1 jlj'yi ll)l 4-^ w o-^Jl “La jiaJwgJl ^v-b“ (^XpJ • 

HUS ^ IjjS' oliL-0 JUoNl y.Sn c~^ t 0 yJ! jCl ! 

A jA& ^UiU ^ykd! ^_Jl>J! j ciiL^Vl bUJl Jiltf ^ l^J OpJl 

AcJ 2]>*xJl 6 j53l 01 iijjl Ji ^hO^I 01 J jiJl J 

c-lsJl v v <. bl LA 0^1 ±i ,ju ol 01 N I .iJUsU OSUJI O^Jak Sk-La 
Jjk : ^-J>^J! Jlj-J! 015, . LiU iJUtll j j50 jl ^1 

^JljJu»*Jl J ■/»*• » ^ ^jA <w5\>0l j Jj-OL (O^^d 

A«P J*-** A»«3 ^Ax«*J Lw^*0 1 3 A*Q»iw 4 lj Aj>“ . 4_d LXJ ! AJLa^P 1 ^jL»wwM^jl ' 

4-wfij ^lp ^ 0^A^-> ^i-P yVl >-T ^ <dl0‘ ^ ial^i olSd j! od^iNl 

*♦ 

d)-Aj_> ^xJl dap^dJl ^3 d^-^ii cdLta j . / » * l a P ^^-XXjj Aj Ao>- 

•• *• ' * ~ 

p p *5 p 

jj^o ^aSI ^1 c Ia*jj ^AaJI j-P c- iijA d( IfJ 

*« ** 

aJII? d-ol5” L»J^ • ^ d-oliil i \4 ^ a-o <* 0j-'Ip a^> j-J IaL 
Jl>- j 0^ J . 4-^cJaJl ilLdJJ ^jLaj c Lb 1 a SJbU oAft P-IjixJt 

OsX<>wJC-^l !i|_ dLU w o^A^gj twwl.i a .Xj t Oj^Jl ^^aJuij 1 lat^ > ^JlAxJl ^jA 

c AaJI jlA-S^a A3 c-jA-^xJI J\*\jla <• -1 1 <w«-wnAL) La3^ IAxJI 

. L5L^ j J^2j dJJAjj 

ij ^Jij jLUi ^ Oj-SnJ 0^ j-^-* J> ^1aJa-jI 

A^-*>j j*s> — cJ da_j — d d} . -laJLs ^ CAjlliU 4 -w^a 1 1 

~ ■ ♦* 

p p 

4j1 • j2s^~a jS* ^C^sJj c d-ji Jd L ^ 

+* 

. 'Jy\ JL^‘Vi jSJ t L5La JiL 
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£jUJI 


y -*- I iUipi y j 4 ^: <uJi \yu6 jl5 LJ j j£}\ jit 

•« 

0^" ^ olijLUi <yj • 4^-> j-*Jt iiLHiJl y <u I y JL^j 

* •• •« 

■ijU 0^1 JJ 5 oIa o-J&I c iiJbLlI J ^jJI j* oJlij Ol o J&\ 

(V'-’ ^ »-j . ■ Oj^iJ ly^s- Jjl J? jj~)\ 

Jj s> ^ c ill jjT A^jjS oLJa^o j£y> j»J j t O' l . la jJuJl (jl 

pJ 4^o iPjL iliJ 4 JfljcJl I jlA c-jU-JL^N CAv? j 0*L>- . lgJb>^ 

cs^i <j* ^ '-V“ <-)' L^J- 5 dr* O cr~^J 

. 4>oLiJi 4lLtlp e jjij 4 ^^S^l^wwJ I I j jSo ^ ^-Jl *■—£ j*-> Lo 


^ j^-^t (J^>- C->IwL> ^jj ^1? 0*3^ -o - > 

^ ' 

Edwin Hubble J_J> jjj^I ^^SsJLaJI ^ y>-\ i _ s oLJl 0 ylll ^ oLjj^JLwJI ^JLs 

♦* H «t 

U oU-^ *• Uj^iJLS' ^ <j-lL >j OojLo j- -0 jJl ^Ls^jVi 

«• ^ 

p ^ p 

77 j' I_fi (U* v' jA<J Ojlis j t L$Oi>- ^9 0 jiU J ol j-iOxI J-^ail Oj>*-o>I 
ill J ^| ^ ‘|-*i * I ^Jj-^j-* cr^ ; Q.«-jLjg 3 Jt ojLflOji 

. jj^Ul y 1 J-^sL/O j ^| jL^? oi Ia . ya jiaJU ^U-^Jl 

jys As>t y Lki^ iJj^l jl <L-J U <c5\J cL^U^ I 

Jl>jL^JI £ y^A (j^j pj \jj& y JJlLaJI ^JLjJ cJJL ji 

iLJ! 3 ^ ^3 ^jlo ^Lj ^Jl J jS\ ^LUt ^ c-3 j^ij\ jOi ^UJ! 

y y 4 ^y\£j\ y L« J^-5 y>- < ^ d J 

M ** 

** > * 
O^Lv£?jI ^3 c?-^ ^1 ^Loa jJLo L »-3 ijjJl^j'Vl iiLoijl AlJjjli 4 2jjJL~*S\ 

OjJ- 4 j^»L^gp j->“^ cLUj o^Ls^jl ^^3 oUp'Lwj ol^j . <w?L>«Jl ^uSvJLiJt 

** *♦ 

> 

J_^3 y ^1 wiiiJL Milton Humason y»\-* j~y 

J-o; oJLS ^1 JUJl jJ\ ^jy s-oJI Ji ) ^ Jljj L. jj»j yLLj oJjL. 

*♦ ** 

jJ: N oiU- ^ll jl £aj . ( J^>Jl y\ ^J\ iXUJl olj-^^Jl 


. Jj»-1 aaA *i N Lgj jS UJ^Ljcu L^lsx-o JjcaJL jl5 ( v|:- ) 
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JLU-A 1 .4 J£-lIl 


J^Jl ^ j+£ iSj^ ^Iwbc^L \jz*j ixr^^. 

L*-p 4 jJ > jj j Jl *j>- j oL U j->- i] LK-^JUi-p ol^i 1 4 -J <ol jjfe ^ 


w ^ p <* 

aJL>w>j aJ^J- aU> ^Jl zyu A^j^p ^Ua>jI aj j»li L> <. J^Jj 

4 4-pL^vJ| oljj^ JJ~L> f Lo ^jJ>-iji U jJLA *.*& j JJLs ^ jUws ^J' li-* ^ A^> 

M 

oL>cjL 4jI jAa 4^j>-^j LoliJU dUUjJ 4 LoL»J ^£>jVi O^JJ^ oL>*jI c_3*!!A>tj 

<0^->e-oJl «(jLs^Jl» JX^ t^X* 4 ^lLj ^_L? wL>-l J 

<U3 1 jS JJ ji ^_jLLs^ (JLoxJL^I 4 dU-i ^0 'V Jo t ^ jJ>JJl Ju 4 ^1 jJLiJl 

. aSjjI? dj| J^3> * U ^ ^ j ^xj 

JSljJl ^3 cLLJ_P ( j^> jS'\ . UL>- 5 jJXa oJ-> jjjJl ^Ls4?jVt a\*J^2j>ilA C-*jISj 

«r* 

0 .~~a i)j£sj jji AjLUI <—>ji bj^>w0 JjU 'yS^u ^o^>cJ 4 0 ^>mJ 0 J J-sA 5 1.4 

<wJ^P <Lal j.5 4 a^s^J JLs ,»: JJ 1-^i •)! NI 4 JU u jjU 
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^ aZ, g. !l ajJ-S* j-a i^Sj> s-j a ^_>cjJl 

* 

01 US *j^l OlSj . N yU ilUuT J»U! <0 Ja5 Jl 5 _ pJl ^±JU o yfUl _ 

o Cl yy C jl O-Sa-Iili o| U ojj jj aJI ^^>-1 !j^-I 

*• c > $. 

• NjJ ^ ^*Jj ^ tu-o Jj^Lsaj jJi>- 

LgJoa o Jj jjSsliaJl ♦ P L^wV^aJ l ^3 l U I t J \ ^ ll J 

o* j^J ir^ '™ p% ^ Orr^" ^ UD5 <_^i c?*-S t y»-^' 

#♦ 1 ♦• 

«z 

0>0 Or 4 '-R - ' yU^lj WUlS y> Jr* y' jU> y- (*Jj • y' ^ J‘>^ 

. pLo-wJ| a^JlLp 

4 L> j j->- I o j j-&-'*- a j o ^JL p o^l j->t-oJi u_slJLxSl jS' jJL) 

. Ci ^Jl di-S-i Cyi j ^ ) I pL*JL*JI ^., la *oa CjL^_>- jj lia->- ^Jda J “i 

JwsUJ SyU tS_y U'j 4jj -U li'jS*J> <y~ y/OM ^JL* JJ fL* ,_jl 

<*■ ** * 

ot iilj . AjLxJI 4-0j3 \^jy>xja OJUj 4 ^j^>xjj u-d! y* \ pL^wJl 

^ OwU/3 y Lo ^jJo oj . £^tlS A^L>" ©j U O j-^-lg 

t jjial^Jl I ^0 4 ^3 4ww-*w«l yj O y^\ — ^ j4^' (.^T 0 (J^^d 

*♦ 

^ ^ S' 

^)*P 4j ^>xJl (Jl y>~^J\j ^\gJ | 1 j>3 1 ^-^_5 ^ ^ I 1 y*\ 

. 4wrSI^53i © y*-*^ Ala.4.} ^JloUsup-c^Jl OoljLo jLw**<>j ^1 

^ aL*/? OwL^s J5 jjl j ^ ]g > 

^3 ^ j->sjJl o! J->«-> 0l 4 aJL*-4J1 aJlj J j>til wo jLa^J L> ^l^jL«-A( V y L 4^^-J! ^-..Ig,,*.*.^,) 

0^->s-<Jl aJufc olj ^ A-ilUl oL^^x»,ll ^ya t jj>- <JL«JL>c}\ ^3 pL^>mJ| 

«* «* 

lib • y> jJ' 0^501 »Uai <y jj>-» y> eA?-lj yfc 

♦♦ - ♦* 

j\ Cjlp y^S>^A ^3 ^j£5cJl ^Jy* ^>t^Jl oJjSi ^ Ja 0^ iS J* j ig '■ 1 1 ljc*ya! 

. A 

« W &m***^~ 


IjljO :! 


XT* 'x^ 


4is oi y^U y<i ^iOJl 11*^1 151 1150 


^yJl ( X^~J L Oy>«_«Jl oly^_«Jl_j Ojj^vJI ^y-Ji oO^ JS' Ajjji 
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1 1 4jC 


j>x*j ^-Dl c jS3l AjL**JI Lgjoa j^SUo oLw> Lg->l ^^1 p ^ Ua -L pj UxSUo ^xJl 

tf * * * *> * > 

jj-A^j . ^-^Jl Li^l ^>«J -X-fl_*-<jl ^^XxJIj 4J^|JLo -X^ ^Jl ^UjUqJoj^ 

jLSUII I*La ^JlLo U)l »iJLj . 4 -«jj ^1 1^ \jc>- LwjL>ti_j» tajS" ^ jj- ^ -j 

llljjl ^3 iwUJl ikUl jl S/I . i-SLjJil i^JulU ^ yi 

iUL^Jl £JUI JsUl IJLjJ («ol^>JI» j^L. jl) olJ^- j^Jl jl 

Ul N j c-*SI jS ^ j Lo j^>«-j N <• ol j>*~* Lg->| * ^*13 4-o j-« j-p j a-LjLa 

. t— jl jJLoj 4jL^1*wNI jj^ UgSlj.il ^j^<o ^^lll ^4il jXJl® ^y* 


c^-r ^ A L-C- JuLs ^ j jSUII p-LoL^J Jlp Lax-L^o 4_j jJp (Jjl oJJj OotSj 

^ ^ p 

c jL.*o>sJi *y j ^Ajo j jsu *y l) jSUji 4-^ij^ (ji — jj-x>*iji 

«• 

Uog-3 j*Ju3 4SUj>- ^-g$ ^Jja < ^Sooo N jJjl LoS LjIoj 4 JulgJl 4*$*>o>- 4 ol JJbj Njl 

" - * * * 

u* uuj| 'M ^ 

j jSCil I-Lic3 4 Lg-*-? jLog-a ( ^£-Lp ^ J-^-ll ^*-Up l *-A-JL!xJl I<*Ua ^JL3 

ojlSj JS\ Ul^x* 4 J >- 1 LL-Ju l *,/gj I oojixSI ^J-oa jl j-*-p . "V l o aJ j^.g *.*> ji5”! 

s' 

^Jl <p!j-» jJuJ 4^L>tilJi Magma U^LJl) ijlg-Jail aji 

po . ^ I «»<«» j j>P hX^^aO wL. O? ^ <o ^ ^ -1 1 o-** I O ^ ^ I 4 <o sJ ? 

gSUI jjj U^S/I AiJil^o ^1 4jl ^U !^ jl5 U5 U5lo ^ j ^1 jl 

j^So jl N j _^-^ll jl 4-j-3 ^ jj jl 4ji - ^aLj jLS\J Lg-Xp J*' 

+* 

. jloj IS ^3 ^<iJp o-^^^^-AjI A-lipl oj 4-^oilJ jjtx^'y^ 4 yJ* 


* * 


s f. 


x* fr 


J^lp ^3 Lo ^JJl ^J^-A j ^jLd ^J_sl jj Jw*-^-o 2 J-oXJ La 3^ Up ool ^>e-<>Jl -XxXoj 
-X*-o ^xil o jj>x-oS L? 4-jp^ . Up La-Lwj j ^> l .. - - ■»> I * * o j>*j* jL<-o>tjl 4p j+j* jl 

o jJJ-> ap j** (J^L*j 4p^o Up ~L*Xo 4 y >- 1 o^>t» Juo Up 

♦* 

•X>^' 

Oy\i b\ Jl jji 3! J* dJl!i5 ^! jl5 ISl J 

^ /J 

■^j^o oJ-*j ^l^jl j>-LS Up j ^^Jl jLo^l ap j+j* iU^jl jj ^ jJ-> j^» J ^J-L-o 
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£jUJI 



v 2 = H(2d) = 2vj 

& 


.Ja-A Liij ylr. 2dj d ±a-> yk. ^L*1 j 2.4 J£Ju 

Lo^-jI A - ^ IjJI 0 „ 1 t , *t * ua £ VI 6^>. ^ . aJ I 4X-^)— uj I A ^ Jjj jXji <ni <LijlAJI 6 ^ . ., 

tdJjj < l$"K C»l>a^<JI ^ <a-aHJI 5 j-4 ^ <o~ j • Lr -u=»LaJ! » £-o (jllLol^Xo t ^ fl >“ K 

Uji JA4 oiliil <kii ^1 <!r ^LJI yi k » l At l Ai <J£ ^j£JJ 

1) ^Lakj&jVI ^-ck-ijuj 


43 . jUjJt ^ £Jj jj Jj5o ot Jj Lpj ^0 LjjIS U Jb>- <jl 

°U>oU LiLoj jjSJl ^ aJjJ^>- 

Ul^ Uli jJLAJl ^ Up lJ>^; U s>^ eJl5 ISI 

(j-* ^ ‘^-®J ^ diij <j\ dUS • L)y>*J l]\j>nSj pJLjLil 

j j^?JJ^Jl {J,Xa (£ i ^3 1 { j £. J . OyS'O 0l ( j^ jlS* 

** 

C3> M JJ JUJ! Jl 4JI t*Jl *L^ ?^jfc ^J1 iJUJl dJLL- JL^tJ ^Ul ^ 

•* »* 

* , 

L.*.~5\p o j^j v t L^ip J- p L 

. L/v y* ^oUaJl 

4 Ub- iu jl5 4 j^U- 0 Jj& OwL^-jJl ^y j^Jl /oLoJl 4-0 L>- jl JU1 *j c-i5 lili 

^ ** 

^ J 4 5>^ ^1 i)U- O Jij 51 oNl dJL^J jLli 
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j^-SAj 2 v jVi A ^ * P j_**» j j j-jLSJ L &.«, la 3 . JL>l-J1 JCjP 

/* «t 

j->LJl j-ajJI j-Aj L/v ^1 4 2L/2v ^ 3 Ls^-J I Lw*/v\^n_p I I ' 

CO jJt olS ^3 llS jj AJliJi o^->x^»Jl j j_SAj ol ^-m 2JLA-) dl-taj 4 OoJ 

«* M 

. dJUl . (2.4 ASlcJ! jiaA) loLj S^JJ 

M M ^ 

LosJl ^3 Lc ^ J..1 jl ^Jlo J 43Lcvt» Lg-JLp v. Cjjo Icp 1 o*_j ^jlSI 

✓j 

^JslLo 4_1l 5 ^-a^li j^l . jCS*l <P ii j >*-^ j A-wvwtfj 0*3 ^3 L^-jI 4^»**jj*Jl 
1 #♦ 

. Ails' j j£)i ol^-J Ijl> 4 j *oLaJl cJ j jjSj 

£r 

A- 4 ( ^ I ^ 1 lj «Xj <-X^“ ^ 1 Aaj 

IJ5* jL^j \a>- 4-U-L> <L>^i <■ £V*<Ol oUjMI I I J~L* 

JaJwaJS Jj ^aU] ^a U cJ j ^ <05 O j j£j jl ^scJL Li j^li jl 
•* »» *» ^ ✓ 

. j j^3l JjIa jl>«i2jl (j^P aJslaiSI dAlj ^jA Jail *2> 4©0>~j a! atf) ^Jl_ 

** 

/*~Ja*Ji jL>o2j^[ I 4 o3 jAvJSxj^ I C->Lp j+j* (J)j j\? 4 jJti <1)1 Aol^aL ^ 

.Ai jL>ejij , Vl IJ-gJ <oA-coJl jlj c oJl>* ao jLJLo 15 y>^ Ao JlS 

tf* 

. {* o a^cc (jjJl <l)^^Jl 1 

'y IapIjj UJ ^SAaJl JL^pI jli 4 aL&JA A>OoSl oJlA j jij> Jli Lo jJlA; j 

jO Lgjl A>xuj aI- 23 O^Lll>c^o *ALo jJaul . j ^SsJl l^-w«A>3 j-sAiOj ^ISj 
. jA>«j2j1 a^-AJI jA j ^jtii j^j. • A j-’lij Aiji 

^Jlp *>L*j jl>- j jJ jj-SA <. j JoJt aJ jjli 4iLii5Lj 


* 


JixJl 





5 


1 $. ^Lp i. 0 j-SdJ ^ .. la « J| jL>t^aj')l I <Ujiii ,jl ^Jl ^jj> oL 

Jal~u l*k ^ r 5 ‘(^ JU#Jj J-J> oliLisSI v>j*i ^Sl>J ^Jl) UjUl 

^ > / M «• 

J»J Aj j la ' . I LiSj £-Sj_«jj! (jl . Z^juj yA~jS 

ij* o-5^-^ c-ji ajIj jiiiaJi Li (^siU-; 

^Sl oij . dji ^ ^ 2 _*_> 0 _^Jl a^^U 5l ^1 ilUl JLva^Jl oLU 

bJj»Ij ojj^? Jjif- jj^Jl j-Lj liU : J~$ ^ oNjLJ jj-frk ^\ 

( j-a 4_>-jjJl oXj* ^^_Lp o j^Jl oLS* liU»Jj S <L*^Lj> oliLw-o ^jji 

?Su*l j J^r j lilJj 

^jjo y>-\ ^-Lp oL^o^/L ol5^ L<*-> jJj 

1 ^L*J 1 — jl 4_o ^fsJl c-5 L« t 

i^J| ^-X-^Jl J 4 ^>L) jJ;? N^L>- 4 — o j3 J^£_P jLiJVl oJ-A OjUI ^ « jg *Jl 

(.^»jj| oljJ U5 j^SQJ jvJa-xJl jUtilNl ^ ^ N I 4 IP A>la-)/l 

dU,i JjIs j ■S' I-Xa ijl iijJu C'y 

^ 1 * 1 , JN-ICU-^U ^-JkaJl jU^Nl SbIju J cv.> ^Juj> oi] ^ cjj^l 

l ♦• *♦ 

Lo L*JJ jl jl>t-fljNl J^-P 4-^lxX-^Nl J jJLoL J • 4-S>-^Ul 4jL>-( jJ* 

Aj'LIJjj jjSGl S-i^j Jylp Jcu&t t aJ-*-< iJUJl I Jax^j *y a^a- ^ cl 
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100 



si (»lS^Sn ybl ^ ^JaJU 11* J • Ip- J5lj sU>j J3jl Uij 

. l*Ju> J j^Jl sti Sr 4 5 bH ^ ^ u 
. 1 1* jlcJl jU*Nl £>yJ ^ 5lS j/J aS jUJMl JS y* olU)!l ££5 

r kJ! jUJl j& ,J 1990 ^ OUa^ J LljJ u^p 

y jS- 0^>-L> \jA>sj JpfcjsJlj jt*-! OjIS’j l-^ ‘—I’" 1 ® 

Hi t 4 j jji>- J jlSlU ^*iU oIa^JI 11* 51 ^yj i oLJjS3l (Jp 

. lyyJb^ ^ lOlib j li-JL^ >OJ <■ HP ^b 1 

' | .i t- ii i ••Mi ■ ti* ,*• 1 / ill a. -H 0*11 L? jl*j l a_JLa,>I 
l 5 j ' Ol -.jvJib 

tit Ulj 

O V 

Li 15 1 ■ ■ •- ^ jpJ l_Ajb ~ j iJy>JJ>\ blU H jl jt> Ll*-)1 t y L ~’'l> 

i, JaJ : U-a j lyll ^ ylyuJl ybu^Jl jU (b* J-aaJ 

** v ' ♦• 

4 J N U ^ jli . Particle Physics *L 3 String Theory jLj si 

oLlax^Jl ^ ^jJz+aj * y*l 

\s^y\j iiu^u cjL^L jSu- j^p ^t fUJt ouii^i ^ J 

, * £ p > 

^Jlp oU) 1 JU^Jl j^i H jlJyJl >a j ^31 pi* ol oa^-jj 

J^*J bLAjJ pj, .,h :.il y* a^-y> jl “'l llU lll Sr" L y“- /0 yll 

. 4 - “ C . - , A > obi olSb—a 


^U. ui J yoil olA;j . 0 ^1 (bp J> £V J-ou fUl y-lj olU~> >y 


A 


£ P 

The Horizon i-L£Lbb^ ^P-bj La ^ jL*Jl L cr° 

^ ^1 ijj ^ ^ <<Pr ° blem 

. ed jj L»^j (T-flp jA^i Jit j>ub (^i i AjP" Sr 4 y^ 

yS b J-j <• Lfb ^y > jSll y ol ^ l o — 1 N tl l*y3l brN j 4 (* - ^ J 
bjjlo. ILSlOo pJlJl jUUNl bjS olilx (yl-lj • ll® H' 

5 l ^ <.yJ > jbl Lap y y>jbl jIp JiSM 5 yll 5 ' iiy 

^ jljbl jLo : UUj yy yUi jyy y> OjSbl y 5^N1 jAv^ 
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<1>A^ 

<Mr 


l) O l ^ djLJl jJOj J* l * 1 1 <P J&J <P j*wdJ jJ JL>“ 3 ^J>- J 

** V* 

^ ^ ^ -'"' 

^Jj • fj-L>-* J*j S S '■ 5 J J ^'- a ' J+* o' ‘®^J £ijL p-A*J' J£- 

jl iJjliS/l Pi o^La oLviaJ U^l o-b>-jJ (j-JU 

LIS' ^Jl <uJL>tj ol jj Cj li <. pU j L a *L>«vJi j^Jl ii j-s^ 2 j 4j>- LoAap ^ 

♦ •* * p 

A_*_xj j AAa >tjJ I j 3 Lp ^ aJ I £ j-Al AJI P p OU 

^ ' ** *• *• 

^_>d y*s> jLS* ISIS . dJL&UdL JJLo j-a j <lS' ^yjjJl dUS IS ^AjoJ 

j# 

1000 <dL>- ^1 p ^Jl ®l y dJi ^Ixj Ia_^ 3 t *)lL« <A <o> 1000 y& I y>*-> 

<JL>Jl <_iJVl Ol jOJl Jl j-L C-Jl^ LaJo? ji ^Jl oj j.^2 Jl ol SI t cJU» io 

♦♦ 

. dJLJl j*->sJl dlta /vs iiL^Jl ^Ll^j 

ibl^Jl oUL~Jl l ^ j-SJl A *p & ll <JL>-pI y j-SJl y o^l ^x-oJ 

«* ** 

P >LJI Jbjl iOj p oO uki . Li O LiUJ! £L-U up Jl 

P ALp Al • A ^ihj U -L^ j o^ 1 0 J y*0 ] I JlJ ^Lj-o La (jLojJl (Jl^^l 
*• «* 

Olp>t» ^1 jJ io laO-^J ^ ^XS*U ^1 ^^Ul (jLajJl JLa^pl ^5 Jl*-o OolS j-^-Jl 

♦* *+ 

p 0 

jLU jo Ool5 Lo^ LaI jj ^p>Vl ^Ij 4*^0 io jo* io jUuo Up jl*»j 

LJ syr j N o^Ip Uj^JlS !(JjAj j tL^-s^UJ Nt>US j> lil tcJ> o 

.oSn 

-• ■* ^ ^ 

^ ! jliNl ^LJjJ ^^1 L*-* Jj^Jl ^UlJ iLwK ^Jl oJia oj>-IjI aS^ 

j-& <1x3 LJlp La JlS' ^ 0 j-SJl ^-v^La ^Jl jOLwoJl ^LUl oJu& <JL>Jij LJLSLaL 

♦* 

. 0*1^ A>0 L^i L^jU <Sj ^U l oAjfc (1)1 • <*3 IS <>-jAj IA^xj ^laJl 

J^IxIj oliL^o j-a^l LL^j i y J- s ^ 2 - > *0 y*> Axj li AxjI ^lajJl ^3 LJIxjL Ij| 

•• •* 

jLp 15 j ^iJl jjiol ^ ( _^LJl p pjl L^sj 

S - . «■ * . ^ 

4j_^j LJlp jAxIj sO Lu yP <A*» jLLo 15 Ojj ( J^a ^LxjI Jjj L>-*3 AjI ^-v^l _^l 

N ol dJS Lr^° (j^ J • ^ J d>- J^J oULvwJ! dJLL oV ^1 
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> 

N Uia 4 0.3^>- J-* ^-«oj LgJj Ja 4 l ciJUi *t jj £_Aj jjl Jjj ^ ^>* j 

aJ jt-J ^-Ja_*Jt jL>b-ajVI L$j^ jwLvs ^JJl * j^. 2 JI ^a b~i jV L^jljjj 

* CS*^ 

•+ 

• Jj-SNl Oj_fcUaJ $y>-J 4_«_l ^J^\i <LjjLgj 'y if' JJlXJiJ * J yjjl ijl-^ J 

^yii ^J-^JI ip^~- ^ 2 p^~, JLfciNI J\ Ol£«L 0\S lil t JiJbj 

oL-flJl (Jjjjl? ^j-P C- 1 ! jlJM ojlwLs^i Jj3*yi *lj^ c^ 5 ^ 9 ^ U-*-**>^ 

0^-^^ 4 AJLjLj fr j «, ^? l l A-Pj^oJ ^ — 1 lj— >.^1^ . f ' ^ 

^ljA>-l ijj Ujjj-ioj JjAxp 4 (^ 1 * 

ip^ oi I 4 J 1 . iJis u_^j ojis lii ji‘vi jik; ^u- 

SjJfcLli jAj ^xJl io AP ^-wJl 3 J.Aj>- LLo_> oLws C— ilj 5> j^Js\\ 

•* '■“^ ^ Vjr 

i } t ^ p 

. ^ jj>t>o **$*p 0 

^ H ^ ** 

0 } Jj c ilSLi3 4jli ^l>~ ^ j ■> j->* j ol 

•* ♦• 

A^t y^ olS* LoJll>o . 0 jZ> L* jUtiJ^I Ulij jiVl ^ 

> 

<L) j-o-P Lol . la A° i oJb^lj *Jj AS^j J^3*yi jhs L & ^15" oJL>-l j 

A-oIj ^3 e-j-vi Jl Lfl x.l a A> iiL^JU JjiVl ^Ja3 4^i,^„i jlS oJL?-l j <LJIj 

♦* ** 

U-j^3l LoJ-^3 . j-^jjJI jj-p jV I -Lxj _ ^^0 300 4 000 y>xj 4 0 Jl?»-I j 

> 

. ^3w? j^JisJl jUxjIjN! ^ 

4^5 LaIJj^I (J j N ^1 Jujjjl j jiCJl 13^4 oil 

p ^ 

Aj*y 4 L^Ljl U 4 — ».«.»■»»■> ^3Jl j-A 0 ajj j}\ ^3 ji j_*/ 2 JLil IJla j 

♦* 

l~— ^Joju J>\->,}^ yU J^ip A JA. (Jbjj jrr-A; s-UapJ jjj 

** ** ^ I ♦* 

1-^tJ O^AlJa j*++**Aj 4« .tf, ns <T 3l 4 A.^a*< L*JwJ 1 C—« ■* 1 ^ 1 1»\^4 '^Z I OiJ-A 4 J jSH! 

^ p ** 

A»Lp AA.+.& > A-^U>tla ^w2J 4 LwwwJ>- j-oJ ^ 

5 ^-^Jli . a5 jJla oLw cjL5N 4 -^jUiil iiLL^Jl ^-S\ 

4 — ,*->.L>ttJl ^ 5 ^*“ j^>tJo oL-vuL>sJo JlL<Jl <— — J->«Jl j 

. LoLoj Oj^jjJl ^3 
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dL> . oJi^ff a_J_o_p dujOj>- jjjiNI o j-aU? dl 

L LaIo^-I ^_L*iJ pJ w L^UJ Jaj>-'^j ^dl i i^w> jJl d j^iJ i*-^ldJl 

cdlS l*JSf ^UdNl j-p ^ j*Jj i^jJl <jp^ 

^^uL>cj jJlxSj |» * Jfl *J I jL>*j3jNI l A* lg 9 . (_£ j^-^AJ Lfc!jj>d 4 J j^J>x~a 

0u Jj>- jJ Lol>tj| j\ Lji?L>tJ dld*j j-«Vl j^hj • J-S* j^I-p dj^Jl 

jt-3l j^Jl Cjirt 

t IjJ j_> 5 ^3 C-ww^Ji JuJ jjl O^JI JLil ^tJL9 jJ IjUwO (jl ju N J 

d j-^Jl jL*Ji JL>-I (1)1 -Aj>s_j La dtp • ^»— «. la.. *J 1 jd^c-dj^ I c 4_J-pLa_>j 

> 

IJUj^ 4 jji^l S ^&LU J->LLa 4 -wvJU>cj jJd j-Aj <■ j»^la *Jl jL>oajNl j£u-<Jl 
. 4-woJfcl jiSl y>A L^wJu Ij-A 4jj.la.lJ Ju>-I j-*JL (Jj*UO~J ol 

• il&j 

<SjS Uaip 1 1995 ob-i y ^jijl (_$-*-!' j-*JJl yy y* IJia ol5 Jusj 
ol J>Jt Jiiil Ji j . <jj^- ^-OaJI U53 4-iUJ! J ji>Jl 

J jb~l Ulj ^Jw^Lax yiyjr- (Jjj>*-Zy t aJ_>«j *>Lo p j^x>j 

jjfej (s j-^>s_U oLpJuo jiS”! j^-1 j-*J ^i-LLu Iju (JL>sJ 1 dJJL ^Lp Lt L>-^9 j • J^Jl 


s > 


^_ _^_ _ __ __ w ._ Ju^oj Flatness Problem jl ^k^iJl SJL^JL* 

L>- j-Ji (w-JJail iJL-^Jl 0 wLa ol ^ j dU^ IJ^Ip 

♦* 

.is^liud jiSl 

Jb V I) jiJl dt uLilP^l fiU j \ j LowllP JjjblJJsjl ^LjI J^Jj, 4.*/2J3^\ OwLa ^J>- jj 

<lr^ <_ 5 ^J • J-r* olv; J <_M <■ US’U' Oj-£j jl 

j *“ p p 

jUjjy j U-U^ j' ^jU-LU 

H ^ • 

jl (SLqJ O-dJ SI^UjJl JoL^JI J5 Jl>s_» Alexander Friedmann 

*4 ** 

. 4-oL*Jl <UwwwjJl 4 j j-ii-J 4_Ju<d Lo <1^1 bljJL^I i <~.k*Sj J-1>* d^-SUl dj-$o 

. ^C^A< ^1> d O^^l Ke-Jt*-S JzS^AA. <J|)> iilS *. dtoJu jS 
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0 4-3LkSI aJL-^I *Uol ^J\ ^J| f-LJbJl oj^L-4 ap^* jl 

£ i , 

4^ k -3 J yS ^iLl ^ oi y»->ycJl ^3 AJxiJlj jJCjJJ OJlP v ^ yj| 

j-* Lr-’JJ IsA^-i jl y- jio toLJl ol jji jJ^s . I Lj> ^ ^JLaJ 

»li Lg_LS” <CLt>vLaj ^a\^~j^\ jL l>t>tw> ■ — a~ a S \ ^ jjjj^sUJl 

f j otA-ks ^j->“j-> !A-k WjJJt Oy*o o! J-^9 k*j j 



Oj-^Ji ^-kj c *k Lik^l 0j->jk> ,yj 01 4 tOJJS 

<_$■* J^ki lS^I ^ jk k~3 Jjko v^ yJl jl . k!S ^Jlp JUu 

4 0hj-~-*- ^ Oj-aJI ij* JjVI k*Jl j-^IjI ^ oki_p c^jjI 01 jl*j 4j! 

♦» 

t AkJ 0 y^\ j-* <y LiJt k*Jl ji*-lji y£Jl £-0 yJl Jyt> kkSO 0i JJi j 
Lg-» olio U5 ^y^SUl olJk*J kkf y* *>l-*i jUJo j3 jJlo 53I j5k> 

*-k ji^^T 4 <j-*J O *^ 0 J iSji 4 00k j3 ji Jo 4 A>>l*Jl A~oJl 

* 

4 A/Oylftl^JJ \'^ jA ^Ul 4 j-J ^S* j 

*• 

o jLopI ^^3 OkO ^y j-S0!l ^^3 AjLko klk*Jl (kJlk OOoJu ji ^jlaj 3l 

. yJl i>Xo y jk 0 ybUiS" o j5C!l 

<^ 5 ^ Jii ®W^" ^ C-JLS jL^JojJ c J^j 

Nl . UjJU LxJi; dLlJl l^Jl V ^yJl CJfc ya J^coi 4 JI jJ J 4d^lJu>-^U 
1905 o ^L_Jl oLI I Ju^i JLii : ^jLU Loy oJl5 a:L^ 01 

<^J • OH* j^wOJl o J yJlj AyJL>Ji y>Jlj 

4 y lg_Ji L^JlS ^3 A^>UJ| A^^vjJl Aj jJij ^-k yjllkol aO jl5 ^JJl ci jJl 
Ot y50>w^Jl y4 015") . ^Jo Lk a:LUlp jSL^j 1915 o aJ Jj-L/? OLju ji 
J^ip LUk iOji jL>kl IfA 4 y oUl kl-L>-l V jJ oykJ> Aj^La j"L> j ^50 

- ^ Sr “ 

O^k o-^ijl * > j^j j^Ip Oywoj jJy3 jU^jIj t Loji yjkp jl*j 

♦♦ 

L-LxJl ^_y-k ^3yiO J^Jl Os-k^ L^'Ul 4 C-r^bj cT^ C^J-^J ^ jk“ 

*♦ •» %♦ 
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^ Cjj£ 


Cr° ^ J 4 '^ J* -^bxj -xi * j-*Jl Jb . LjN LpIjw? jjl j 

( • <ulp 0^$IS t aljL {jA IjA <^_aJ! <U U j-il jAUa^^jL^jJ^jA^ 

«♦ 

v — 4u>-wJl ^a cjLw^L jjl ^3 LLJU^i o jjii cJl5 

•• «* 

4-I. v^ . x . ^J l c^UL<^>cJl ^JkjLw^ ^3 <Ls^^Jl o^U I Lib ^3 

** •• 

tj Jrr^^ £^4 bli* ^ ' jtr^J • j^LiaJl Ji-b JLJjJ! 

* ojUail jLS-l uLj AXpI jl jJail 
(jl ^^j>- i A*~>t})j o 1 j aj!^>- i > jL>*j <ujj j: I J 3 j 

J>t>«-!L; U-L) La Jj>- ^Jl CJ15 *1 jw^SlI j* jLlo^U L>UJ| aJ| ^J aj'yi 

^lf]| 4}\y~] ^ cdili £.J . 0jjLJl J, <U_U Lfc JaJj! ^1 Jl Jja^l J 5 ^ 
Lri 1 ^^ 4 oJjLj 4 a~»J_wo ol tf ... laj oli ixsN i«wLiu cu«| ^>ijl (oj^LJl j) 

• ^ A J^’J 0\j^al\ ja-Lc-J dJ~il5wJlj Jjlj^Jl ISwoLoj Aj_pJl ilvtf>jVl : Jiu {y> 

^L Jp UUjI UL»J t jJsLJL Ol^JaJl jU~o ^ USl j £^>1 aJI Jj 

jLcj Ajj15Lo! A^^ic- >— >jL*J Ljlia ^ic- (jJ^I CL~>- t j>Jl 6^5 oUUjjl 

*♦ 

. aj^>JI l, ^LH , 

J _ A : l a .. t .)l cuLw t o-Xj y jt-ejlp Aillaj ^JUJo Lib ^Jb- J| jib j 

<LaJ>cJ\j oMUs-a ^3 *>L Ai Lup _ aJLp- Jj>-t jA IJU.1 

J-aLx^ ( j-« ^A-pli L»L^>| o jbVi JUt^> ^.^1 jJi 

Jlj-aSlI l5^ ^<LJl>J 1 j^Jl 

^JJa*^aj (jlS b» Jl>^> ^ij . oLl5^Jlj ol *L p1j 

• -x^'j c^j ^ Ji^/I ^Ltj 

^ 4 Gj^-p j wLxjl^Jl jLojj^i Lajj^p c 1922 j 

. boL*Jl A^i ^J-P SbLi 4 A^^jJl Aj jJaj Jl Lis' Ax^t jjl AjLoL^JLaI 

4 1 j L^g > ■ 4 LllJuI ^>eJl jl j! JajJL J 

Lr 0 Lr* LL 5 -^ ji LLS'j 4 olj-L^ sj_p 0jj>-L^> L-^>jj jjl LoLxJl «Uww**jJ| 
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^sS ^IjLpL /»La3 i ^^A*j jJl AjOJO 'Lf'S' I j~sS j oA_> Jw>cJl Aj jJajJl 

* > 

jpj>- i <LoL*JJ j. oOjOp-bJ! Aj jJiJl A^*»l j3 

^Jl ialgjl ol jjJalJl ^ y 4 i J ^' Jr^' °j 4 i { J >S ' *"**> ^ 

•* 

t AjjJiJl ^-s^L>«Jl <uIjL>«^>- Ijl. cLLJi » — JL?- jj . Ji 

• ol^ JS J 

^ *r *♦ 

d^Jjl JA I**\j Ajl t ^~Jl j>J! Ni OUby ^ Nj li* 

0^15 l *» f 3 ol ciLL>-> M iJl jv-§JL^L> Oji drdAJl 

jJtX^A ^jLl*^JJ| iijLO-J 0/ Aj! ^3 0.1 O A^j 4 o ji A d ia ,* <»J 

** 

aJu^j>- aJLS j jJxi! '-LP <LaL*Jl A-w^wwjJl d->0bL*-« LaJJ^i . j-$Ul 4-w2_*-J 

♦* 

W^' cM J^fi y ‘cr’j^* ^ " oA ^b 

4UJ ~5li jii 1922 ^ J>j _ c-li!l ^ ^ N j! _ UU yAL 

V - *• *• •* 

*_S\J>«J> jl ( J^_3 jJL*Jl ( 1 ) ^JL Ijj J-S Oj£j IjjJ 1 <LjL»JI j-ijj.5 (_y i 

• ^ J 

olk*Jl ^1 <^plj -X*- ^jPj! Ob0jj3 o jsS*j U ( 1)1 jjS' 

j! illJtf 015 (jjjJl ^jJ ^ ^SUl chilli iJLwo a^ dJb>cii^! y>-T 

Jl 5 (^jJl /^LJl aJ j 5* J_k OJJi C aJ ^yU ^ i^ii_>Jl AjJ^La^J Oj-^J 

** ** 

> ^ 

I 4 J A^J>C^> Ajjiij ^j~-^>\ f^\ bLo.^1 LoIaL ^jt j}\ Aj! ^gip Aj 

01 1 ; v ^ >Sn j jJi^ji ol oi 5 j . ^p>ji a^uji 

^Jl! ^LlOJwjI iJLgJ . ji»-S j\ <lLa>- aJ^L^* 1^_9jL*J ^J-P 

0 a-L^a->- ^jS' oJl-xj Oww^-J L^-3 S 3 j! jJI ^JLJl 0 ! 0 L«Ojj-s aJL^ <Jf>\ji 


. Ls^jI A tr s^L^jl A^Ul ^0 A^i?L>* L^Sl Jj 4 (w 

^ p p 

^SIjlp (JLOo j-Oi> t Ai^JaJ Li Ob- j a^*j2j -L*j ^Li loSbj 

«s 

1 <>usS Lw« jl5 j 1 oLa^Xj jj 4 b *~ a 1 4 -b*-' a -^ 

Lgjl j _^Gl j aJu^ UJl^uJI ^JLLo J>, jUJuy LjJj ^1 ^sLd! 
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4 % 


oLJJa^o ^ ^ jjj Jj>Jt jl J? Jui 4 a ^J » 

«.Ui>Jl 


^-^Ij ^ j^* c^j-^LJl J^S* jL*i 4 jLojo^i jl olLJ> V j 

1 44 

^yil 4j«i^ *JL jl tiLijj jJa>Jl Jj-Li Ujj>- jj ^LwuL«js-I JjJ j . <cp <u^ lo I 

«-UL»j9- SJsIp k_*5jj! eL~P Jjk : *>UL^» (.1 jl j Ijl j^> Li Jo <uLL~- 

j15 Jii! : a^ju^ jiUo ^ Lo JJL jl oUjby ^ jl5 I^j4j ?Sui oi*S 
L$-H .Li\j^ ^jVl jlo>J_>ji oLL^-j Lko>- ^JIp p-s-^ ^I jJLJoI 

^ , j^ ^£*“^1 L^i 4 jLL**>- L^-JJ aJ 4j J^_o LjLw*>^) ^^Lj*JoI 

p-> Lr 4 *OrT Lklp :>3^-* cJl5 . a-J L5 Ji ^jLuijj! jl 

Nj . LijT L^lS ^lll A^aoUJI Lol J^Jl aJUo T^p — ^ j>Jj\ ^jA J^Jlu Loj __ >? 

jL>- jijJ N aiJ^L*-o j'y Ju 4 Aliaip 4»^^u N 4 lJU>- UaL>ti jLS* aJI ^3 4 ^j 

44 

p ^ ^ 

• 4 — -*l JA*a*o ^j-o 4 j 4 »^Lww^-o Lo LlS^ O ^^LU IjLo^^j 


jjj iiLJl j 1 a^>-I jj aJL*j ^ ,vLJJjI 3^1 LiU LSL j 

•* •* ** ^ 

jJalp ^L*! j»jJL jl5 . . . ^iliol jl ^^Lp . [jUjoji J^jJ] ^liJl 

4% 

4Aj>**^w? jLoJo^i J^Jl ?tjLu jl oSn ^j\ ^y\j . ^LLv^. ^3 

** ' •• 44 ^4 

> x 

J^>Jl ^1 SJL^I j_*jJl ojLjJ J jLwiJ N j_L>- iiLwjb jl j-g laJ j tlju-o- 

ojLp ^ jLlSCJI aJs? j.ia >^o Jl ^4. dUp jJUi £*J « . ^ jiLJ! 

^ . J ji>Jl 6 -L^J j 5* jj Lo L Jv^3 <Lvoo*l ‘Uj ^wJ ^ I (J L) jfrla .*Xi.o 

L 5 JI I 0 j-LL) jl jLS” ^^Luijul jl ^t-^l jJl ( j-o j 

. Lo*>LJl jji$ 4 LaiXoijnj aj jJ V jl iSj^l Ai5j 4 ai!L*» j 

LlaL& L^JjLjI jl l$j!j 4 Ojv^_oJLo ju^Jo>^_J L-^-J> C*>li jLoUojJ C-J^LLo JmJ 

j-&j c j^_^JJ ^^L-^/l ^ij^jJl Lfjl jL-»xpL> 4 4-*^ L<sjl*x ' y I ^ 

jj^i I jW*-° — iLl j _ jjiCJl pLJ-p 0 JjLjj ^JJl ri j-^-J I 

*5 «- ^ 

P ^ p ^ 

< Sm j& ^ kl * J I ^1 ^c— j I ^-4>L«-4»I cfJ-S j-S* • aJ|^_^o ^^JLp 

^ "" 44 
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closed or ajj jS Jl j I aJLL*-<>JI ^oUjJI ! JpLo-jI aJ jj oLaJj ji 

open or A_jj^_SjJ I A - - ■** ^ I A _ ^ v ~ . * A— Ow Jl oUl +a a )\j 4 spherical models 
oJla j .flat universes o^, Ja. Jl jl jJT^I j 4 pseudospherical spaces 


^Jl I^Ujc^I • j j-^JJ ^^L--*>Vl ^-s-*^jJl j-A ^jJl ^Uo-aJl 

^ ^ <3 P- f 

jl Ju L^JlS’ ^SLojJl oJla jl Ij_ 4 jUL 4^. I ^£? J * A»dl-^J| A^^MWWwll 

• Jr* bb»l>J jr^ tjJ 

j I j-^5 i ^*-x-a jl LgJ jl5 L* L^jIS J->~ ^^3 oljLJjbjS'l jl 

U Lo AjjJiL> ^ 1 IbJp ijl Or 4 ULw>-l JUb b° ^y**-^* J • OLoJjji o'yii« 

Y\ UU 01 _ Jjij _ Uj JU Olli jJU 01 Vl C^^JI 

Aj jJsijJl oJub ^Jjjo jlflJb ji UULwulj3 UU j3^ J3^ 4 Aj jiaj 0-L) jJ U jJ Jp 

• Jr* AbUU j^bb Or* °'o~" t ~* _P" JJ 

^ J ^ 

OfaX^i^Aj «jj I ^ ^WWWW<lJ 1 4 ^ yJ I I Q 3 IwL^J 

f, * <* 

. ^ ^>-1 ^1 Aj jJajJ 1 ^3 J A3 I UulijtoLjl jwLP I 4 ^ ^Jl 

\^S a^^-oL^-^> aS j>- aju» jjSI ^->1 j-A L»_J jjJl IJ-a jl jJ-p 

IJla J j^H j-fcUijl OJ^S* ^jIj ol jJJpNI *Aj . j j_v«aJo 

M a* 

> 

£_*ju jJlU ^^2-j_>cJl < 25^ Lx >Jl AiJj ^^il jl jS/l J jU-L- 4 -L?j-Li_^Jl I 

. A_^w*jJl Aj J Qj A^^j Lj lii J 

*4 a **V ♦* ^ 

jJJ 4^^ w .'Jl 5j j.,/gll (o!^>t*Jl (_$0 ^ ^^Jl JjLJI oil j^\-o 01 
Jb- <lOjL ^UJl 01 Ji c ^UiJl oJl v^Sb ii^b- V ^ C 4 UiJb lik 4 

*4 •* 

{, * <* * * 

• (0 (>* br* '“^-r* Or*-J' JJs*i '"^0* 

} * 15 

(*-* W~* ‘Or 4 ^ 1 t 4 -*iLri Orr^^- 4 ti' Orrd ^U~Jl 0U lljj 

^ ✓ *3 $r 

jJt j j jjxJl AS jJLZL wwo CJwJlo ol j0>t^Jl jl I aJLj3j>-j . A^SjjlSwo a5” ^o>» 

jl (JjL>- j^sJj 4 A-i*3^ AkiJl oJLfc J-Lj JlS . j^Sli j^SI L^JwO Lows 3 ^1 j-iJ! 

. 0 aS01 (Jp ^ A^iil ,'r 4 ^ <■ 
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%% 


UJI 




<» * 




O^X<Jl ^1 U lili . jlSwJl JjLi« ^p Ll*j ff-U^.A.11 ^%>- ^ 

** *# 

^ c> LgjI UTja! <ucl jpuJl ^jSfl dJLL" JU Sj^JI 
il Ji * t* il^c; J*-jt OJuU ^JiUL^UJ oUL~Jl jbljd v±Ui ~j 
Lp^L>- ljj-^i _ Lo 4^j^Ja.j _ jjy jj^JI <U3 jj ^AJl c.La i ll LSLwoIlo 

. vkjLsL^oJl (J J_o 4jJL>eJ 4 <5* ^>cJlj 

oLS* jJ il 4 L g ^Aj i5jLvJk« AjjJiJl i^L^I iLJjJl ikiJl oOa 

jjjU ^akj Jli<Jl • 4Z->li jLi* ^ b-*3 jJ aJL3.>- a? j>- ^J> j5Jl £_0 ji!l 

ip ^Jl cJl5 jii . UjuJ ^ ol^Ji jL^>Jl ip^ 01 O^Lp J-i 

Ij^j *-ij>cj 01 4 o*j1j ^1 ji jL!U^ aS ^p aOLJL>- 

. p j 1 AP (^3 ^A> ip” j-wj op Ijj jL~>O^I 

c lS^I * L a-a i l Jl < r ^JL i«jwU^ Ails' oi>^Ji ip^» 0 ! ^il jJl j 

A^Jl 01 Or^ * jl A-w^AjJl dJUu 1 j.JlS' A^JLj L>j 

N **~' <* 


ol 






cT*^J 4 Lil ^Jjj5wbjl ^o j£a}\ r^j ^1 <Uj . 4— w**Lp J^j olS 

** 

. ^W?L>Jl i jJaj ^>o i — > j LA 7 j( 43 jLio I i 


*P 


U1 4 OOoJwJ ji o ^5 s 3 fr J-^ cLLL j 

l$j^aj <ui oliL>JI tk^UAx; e-Uai l J ^JLp £~*y^ O jS J* J 

^ p 

(*-k* jl expansion factor scale factor ^ yJl J^U eU— iJip ^ 


a" - 


UJI 


if # 

^s- j ~*. j kU J jj f (^*jJl jjj-o-; JjIj^JI j*-3b j-tjJl iJjkj . scale factor 
LJsU; 4JJi ^Uxsl t J^»UJl IIa ^ iUj'V I J S oJl5 UJ j . 

J53 bop LU.I Ul jJ lJugJ jlS - Uj . «L_JI oak: LJ5 Sj.LjJ1 J 

£ ** 
Lo-L^ 3 4 iiL^w* \S L--i_cl . A > V Jlj •_ ^ « r ll /M NH 4 . - jl al v J ( 


• 0r°0^' JJj^i L^^ljj oLw^Jl 
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k_iv3j Ji J-> ifwj Jl f^yrj JL>j iUJU 4^1 j 

*^o 55 jj>Ji 5-Pj-x jJlJ tioU 5-5-1?- jUii y*-*# ^-uLJb*- 55 y>*5 

£ dU^ y> IjlJLxJ yS\ j j yg. > l)I . (J^ 4 5iL^<Jl 

1^5^ If] (.1 J-r* 4 £J^' _P*j ^r*^' o' .H 3 

p > p- jj 

i ) jJliL yb J>*j ^lp 4 ^jl>Jl oL>5L> ^UJjI j5 jA j£> 4jI X*p \ j Jjl jv*jdo d**>- 

(J JLjcoJLjj 4 ^JLoJ) 5JL>- *\* 0 a\\ J-*5 jV 4 J~J* 

^ M W- <• •" 

•olSlJS^ 

•* 


^J»a3 U5 1 jJLs c 5^_*^L>eJl dLaJOil o-L& 05 .Ajj3 ^J 5 ! 

4^2jLv 2^"^ fi ^ ^ ia ^ ^) | (5 ^ ^ {jS* ^Jhj5wJl lM — 5***»o ^ 

** *♦ 

5-o**>LJt j ^jl>JI 5llaJjs Cr° 5j^r ^Sj • jl ^ ^ ®d>-l j 

oJl^ 01 OJLljo ^j-P <ww5<-j Nj . <Uw<J-P oL5a_^o ^-Lp N * 4 ^-5>L>jJl 

4_5xj^5 a 3^ ^i5 1 o jid ^^50 j) ♦ d^5L^w5l c*5* ■»** <»Ls ^j^Jss-Ol 

** ^ 

^ tf £J 

L$Lv* j jta* ^ j_a 0^°-^ j$j j ^0dJul 4-*-* d-*jLy*l ^5J( j j , la ** > Jl C)\ <J^-5-> 

* 

4jj2*l£'\ . I ^*P l-^* 1 i ' t *■— 'j/ 

. 5si»U- oJlS oU}5UJ! b\ jiVl ' j^' 


I^JUjc^I tjSLo-i < _ jSr xJl oUlSLojJi ix& \x>- ^UroJl 0 J>\ ys\ o| 

*♦ 

Jj5sJl 5i55 oJ5 lijj 4L ^ jJu jJ jJ o^L<Jl c5L5 lili . j J55i ^-5-s^jJ 
J lJj>-t j 0j5o jt Jj N j j50l oli 4 j55 15 ^ oJo-\ j c yj50l 

j j£S\ js^j j' *^-9 • (_/" j-i^' oSUl" Jl^iVi . 015^ 

y 'o»L»' .ULo ^UrjJ' ^Jl ycju JiLlJl 11 a jSl <.tAl« J-i 
*• ^ 

. ^1 N *51 ^J1 


p-1 */3 $ l ^ Ifl LoJLp-N I o 5-A cJj^ 

oNUJl j 3-^ 4 ^J . ^JlJISI ^ ij\ 4 

^yLJii>- 1 j.* l g ,j al.5 ^3 (5U C w w j Ai 3 




P^xojl 
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3 

** «* 


I £7 jLooJt J ^ J jLo ^ qL ih<i J^Ioj 2.5 < n 

JL» 4 _ 2 k. a a U /\ \ H l.Ui .a. » U. r ^jt.l X it j,~i. \ i ij^ 1 a v i ^3 . t-AJjA^. jIj-iaS! 

L ^jiILq. 8 ; s ^5 i^ja ~>la~ <_»4 aJI ^_fl l^t ^Ja <■ LlK oi^ ^2 jJ5 <JLa!iJI S^S (jt-^ ^ ^^Laj 

*• * 

-Ufl-Q A.a» la i <i ft II ^jUill Jo^AaJI JUI ij-A ^ja p. Lut \ . Aj^Lk. /yJl 


£rU ^ ll (Jufc Oj-So ol ^ jjj . ^J>T ]a a <L>tJuP J-A 

. b>> ^JL jl) oUl 01 l " ^ j& bl b*-^* ^ AJb >x>- 'yLoj^>-l ia.Av.AA ^ . J l 

%# 

* 

^*3 ^jCLj ^ 4 O^bojJl j-A o^LoJl A^a>jJL U lM *bo 0^ cLL-1-P' 

. 0 ^S\Jl I Jla A^ai ^b>^]| -k*j 

** 

<y <~^th 4^aa}\ oOa ^Lp aUjSM J5 jl jU^jji (jl> iA«Jl oi^Jj 

«* 

^o Juti ^*bAj t aJI Sjbi^H Ow*2j->> ^bJl OjbCJl J^»Lp 

U Ob LgJi-P t (j lb*A JjuJ A^jbajJl L^-^>bjjJl ^A^PJ 

9 

J.U Jl «iUJ cSj^' ^Ja-«.<vJ 1 aJl*j>- ^-A k-A *.+> Ll»J 1 iwi->Bj 

0 j^-> 0^ a-JlL>JI 1 ^*p,jl>j . ^-bt' *^-^-*-*01 

** 

Jlp 1’. g 11 aj Ufc (jL« Jb ji LaJe^-J . OiLaJl JaX) jAa ^jlS^ojJl ri J^ojjl 

2.5 JiLUl J ^ i i i ~^V J ^ ^ jJ j . Obo jJLa *_^*> jjJl '^T J aJ^Ljco 
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Wr 


t jil wUi^lo ^^^-*31 1^*^ jl . 0 ^SsJl I.J_^J ^-^1 ^Jm^Lp 

d\ J-b Jjo iSj^j • o^>>!l j-yj ,_^i Laj^ Sy^Ui ^ li»L^i ^jI jJl 

** 

c ^ Jjl jj SJL>- ^3 aJI 2.5 ^jjo L,r<?jl Ja.^-'V . Ju ji j j_$Jl I Jla j - - ^ ^ 

* ^ p * * * 

. LoLw c-A3jij jl jj.s aiS* j^>“ L>ejjJj liL?Li* 

•* 

jJ-oJoj l IjlJL*J jjLS*! * ^L>xJuJl ^Ls^jLU jl j->-S/l jb-o j~*jJI L*t 

t <j\SLo J5 ^3 <u~iJ ^^JcJL LajI jl*Jo c_^ j <• ^sphere E ^£Jl Ujfc-b^l 
** «* «* 

( j-*Jj a 1*^1 S^l p-L5w iJl (j-vJJ N cbbjj^aj siJLip J^wjj 

J^-iJl ^ ^jL* L ^w> ^ -*-*j • iL*-;Nl a-jLsJI l^J^Jaj 

U U tjJJ d^Jil J uti ^Li>J! LSLJl JbkS jl djJai-l jU : bl.5 

♦* 

oL^jVI ol ^ji ^jA la? ^jC^j_ j*J jUS » 3»" --'I 

U^ap £* ja lu5jj L$J! : olwaU^Jl 4jj^ ^ jlbj 

• l$J l 

^A jJUJ! ia^Jl dli iboVl L^l ^ 3i b 

b-^- 33 4-~i ^3 j_w ^ ’ < V « *» tL? ‘>*'j l ^ L>«JUJ I A li C SUJ 

£, 

Sj_JaJ j-. .j->- j*— -j Jlij topen universe ^jJLa-<J! o j 3 pseudosphere 

JJ-.J r^ 1 U3 - c1 - 5 J 5 ^ 3 cy 

•* *• •• •* 

t o^^Jl 4^1 >^3 L ». t <. ^ .«■■■»> 1 ^1 _p JLjLpI^x. b * oLm- 4^ 0 1 , A o ^Ja^o 

^ ol/ eL-ii j o!/ ^ ^»li. <U9 cJUlai 3.5 J&iJl ^ LjJL.1 caJI jl2» 

li^Jj t>“ i.3* V 3,5 cs 3 ^ b^ 33 a 4 sLlsA>j (,^j^>Lo> jj-AUxJl 

*• 

* crH o j^Jl oj. (LLl>-) oL^'Vl ^3 (Jj-Aj ULi !l 

L>tJ L j ot C o j-SsJl A^-^i aJLj>- ^_3 *Jb>wXj>c-j ciJJ^ 

** 

^ ^ > tf 

S j negative curvature LJ-- E jiCJi <uJj jl J 1 JcgJ j . 


. 4**UalJ! ol j£}\ ^ ^bu^l ^Lj ^Jaili j-*j t latf^ S P-UJljj! JL^fij Lo Lilp (^) 
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*1^1^ aIaILj (jLam ^J lLj ^jLI^jl J jJ^J (p) <ia-4j oi ^ 3.5 ^JSLijli 

£ ~ ~ ** * ** 

jJ^J 6^^ <J_Jj ^J-Lc. Ifl t It ft t <JlLoaJ 1 p1^_2k.| (b) . (Ji-x^l J^fknt Lft^.ll.l£ ^j_LJ j^J! ^jdU j£l 4 « 1 \ A i 

*1 VI J} ^j_Lc.VI J ^ L oJbljLa.1 {JU J Lj-A^ j > ,,.^1 l“ n ^^JbU^L 4 ji-kU ^)_LJjj|j 

(.Ji-VI 


L-aIwj pL^ojUI jj^oj . positive curvature LjL^jI L*^Ju 5i jJLJl ^Lw^LJiJl 

. 4»«j-p jj lwL& AiLv^^f L^-o ( o jS 4 -vJL^O Ljfclixa'y j! ( o 

o-'J- 11 ! ai :^"Vl ^.1 * jUj! SJT 

-ti ^3 L^^-Ujp 3 L*jVI JS c-j Lygjl LJlp 

s 

^3 4-w^.A * ^ ) l o<^_A JU^L ^LS ^JLp l i A 3 jjJL) 

P 3 p 

o^Lfc ol t j-^ J-*^ jjLuI ^.1 5 JjL *_4 

a JJL> ^ JJl ^]g a** H ^3 ^-ojJL 4_>jlJLa 4 4 -.j>«JLww-* J+& Jj> L,,^ a La j la T *. 7 oIpLv^jsJI 

Jt tJ&yi *& ‘ jL>*j 2 jI mJ jJLi jS^Jl O ijl wL>- J J3 J .0 ^S*3 

Jt 

iJ'te- jaS\ j . (*JiP ^iU&l J yXt d\ ^\ Lii Li ^JixJU Ijuj il^Jl 
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Jg p jL>tA5l IS^AJaJl £->j* <• l$j b ^ LoU>J bJJS 

U?Ljo N — ^li^vwoJl _ 4_*_b y l)I Ni 4 lJul £-*>> j?}\ C-A3^o Nj 

^ P 

j^jJl jjJaJl 2.5 JiLiJl j-^ej .isAS ls’j~» jj>} J-*j Jj 4 ^*jJI j_>I 

** #* ' 

. iU^Jt i-fcJl iJ jg}\ ^oUJl J jUjuyj U U5 J-yJl J*bJ 

♦ ol^wJL®L)_9 (5"^^ jJj^Jl ^jb-o»J jj 4 ^J**3 LuJ 1 lwi«A LXjI^ 

^jUJl j^j frl^.tf.11 j»->t-s^2j jl ^ aJULiJI 5 ji v > Jj>-j jjJl 

w *♦ «* «k 

Lo jo lb?L^> c £_b . *J-yJl Jlp iA^Jl ^ ISLiLJl Jl 

^j_^I A^s^aJufljj 0 ^ \ c_A3 bl ^ aJLaIJI ^*-Aj 
jl j-o-Jl L®l . ( jJ^L»-Ssj'y I ^a j*s>- V \ <JLo ^Jl <L» N j^j ^ £ ' j -ojli 

4 aJUj^JI ^A+jj 4 <cJUL 0 j_3 | j-^1 (1) C.b.4.^3 4 jdJl 5 

*dW^' <_** '-*■* t y^d '-*d ‘(}c> 

£. t>> \ £ & * 

*d' *** s - ( _ 5 ~ i JS J ! ‘'-^r Wj— 

t* ** 

o ^ Si £~* 4 jtui ^ J-jJi 4UU5 j^-l ^ . ^uns UpU 

. j-ww« ^]| f *jA jJ 0 j^Jl 

i •i ^ 

■^"’J J-*J - £Aj j_^ij^_Jl ,jj j-ft U-fJj 

V J.ji)li . iiUiJlj J- jJ! ^-y Jsj l*a _ ipyJl ^Ilk^j 

^jJsju jl ij&o-i ^ LajjJu SjLStJl ^5^5 i iJLilSl ^ <uluaj Jj^H ^ 

** 

^^JLp wb^l £**» l) I wlSsJ&j . ^/jLsAjj'VI j *w 43 ^Jl 
^jL>cj2j1 4JLaL)1 <ll<» „ ^ 1 4 (1)^-4^ 

• *'_p^' ^-y5Ul jy j-uJ! y yw N U5 4^15 

^ ^ ^ vl 

IAa 0^ 4 lju>- <Lw^^ 3 ^oUJJ 0^w<>-oJl J a.»^*> l)| 

i P 

^SbJ Jj^bJl ob>JJ L^i o cJ^-^2-J o-^j jl 
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iwiw? ^3 j 4 ^JCsJaJi g-Lala^^b f-LS'JJl AJLJaJl aJl^JI j^J 

jl 2_>* ^^j-P ^.sLSsJi OJi jJl J->tj <jl l.«*u ^-oL<*jJi JslAjJ 

. aJ ^ SjlS' 


la - ^ 31 ^JLp wX-^JL?o ^ 4 




Al 


h^iMw * Jl jl ^ UiLJLJtj 

^~»l_ •* 


^jb^-Pl jj\ J^Jlp ^jJa^j IJla j 4 j j-$3i ^ AJUjJl J a 5 y>Jl j-aJ JJLtLuJl 

jl£UjJlj ^kv~Jl wJl^^jl Jil jl Lljj-b- (ijL?- 

t jl?- ^ J5Li Jy!l <J^>J ji <u~ij ^s- j^£)l (jM>ul ^ U jlc-j— 

/ M M 

(1)1 J3^ . bjl ^Jl ^*j3j J^*-> L*3UJJo Oj&i ^3 j 

Jl ^J-4 ,^Lp -Jl ^Jl^) Jjjl^>=Jl L*jj d)j-5sJl 

1 IJla 


. ^Jww>cJLwvw« aJI ^JJb j! (JL<»jl>-N 1 4v j*\ l*X_Aj 4 A^ygLoJl AJ*_*v jL-JLo 15 

a 

4^-JajJt jU>*ajNI jUJl aJU 4 flatness problem < A_1 lSs-JL.<w d J-A c_ 3 yu f 

j^Jlp jlaIw> ^ w>UJl oUju <^JLZS Ol Jc^o j ^j£j( ^LJlp J jJLp 

. ^^www J 1 0 
♦* 

i^-j) Omega L^~o j\ il^JjJl oi^J ^LSU^Jl oLw> _^J l j 

•• 

j jSaJ jlS UJ j . r-jUJl l^U ^ ^Jl iillaJ! j j ^JU UilixJl 

L^wi jl 4^_J C-J15 oli jSn ,_y3 Lo-^jJLS’ jl jIJlIo | » £ ... ~ l l 

^?-ljJl jS I ji-i-Jl r-ij^Jl ^ jl i tO^-ljJJ ijjLw« 

♦* v» 

yuA ^-jpUl ^ ‘■'^y " '" 


♦* 

I A3Us ^ ^51 UilsJI ^Up jV 


4 *.+ji jj AP j^u aJ L>- ^3 4 l^Lo jl ^_ocJl ^3 AAj jJaJl oJlA ^3l^j 

*-*j* ^iJl A3 Us J^bu A^IiltlSl iSliaJl ^jA ljl»Xio jJ jj o^Ljl AillS” Ao-3 JbJl>cJ 

*# 

5 Lw- ol5L>r^3 critical density a^>- jj>Jl iiLi^Jl ^ypJJ aJIJlSLJI ojuk . LoL>J 

(__$! 4 ^L>“l J_L! IjjLmw^ LSs^sjl *LL)f A-4j*!>Ul AiljL^Ul 4 Aj^o j-Jl A^Ju-^U 
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(jjl (jl . J_2t1 ^Jl ijjL^U) L^jljOjI <f A \ ft <j»fl jIjJLj^ujI aJX. 4.5 

f* ** ^ ' 

.^J^U .**■! aljx il ^J| <if . .. t jjU ' ' wL . .. « 


<y 3Ui)l 5 y oJ3* o- ^>Jl ohi3l v ^53! ijUS3! ojjU; lili . 

^ L~*A>I UJj>- j I^Ij . ^ Ol c5^*^ USj w^JUa^Jl <uJl>* 

^ jUsjDI ^ A~Aj Jj> cJuLw^ 4jl L5j^i C A>- ^>Jl A^Js]\ J-4 Alias' J jS 

jl ^^3 <w~>tP N J . j33Aa rOj-*-> ^3 Ul ^iij^j C aJIajJI 

** ^l Via - •* «• 

t ^ ^>JI ^bi3l J U*iJl v ^531 5iliS3l ^ v~Jl 4j| ^ ^53 JL* l$L. j\ 

. JjL^JI ^4 IXgJ 5 j^?L>tJl iJUJI ^p a^JS 

Aj 1 ^Jb Aj j_*waJ! 4_>-jw\Jl eJ-ft ««* 3 11 aA_Ss_JLj 3 ^j_*J>s_j L-o O]^ 

^ ^ $■ £. £ 3 

^ L^*— o— 1 1 /^«p ^ (J ? ^ o ^3 c o 

iSwsj! Ao~3 l)j5\j aJL>- ^43 . 4.5 ^3 A3wO la IJLAj (. I j^a 

J^i-P ASUaJi ^P ojLj ^y> ojIjI cl?w jJ ^j^Jj t L«j 3 J->-l jJl AjjL^o 

** 

A3ll$\Jl ( j£' Ao j^Jt A3liSJJ S d.*.4.L? ol jJ>bjI J • ^ jJ ^1 C ji»-Sfl 

. Aww*< La3 AP^pAaO ^ I C ^ fr Lvwj C A>- 

4ASLiw<>Jl 6 wL& <j! t ^ jl^>&Aj s y I o 5 j^3 jjIj i ci -> jS ^jjl jSJu 
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* j) 4^>ll 4x.^-cu ^o- UJ ^ 


AiLLlSI d-« j-f-iVi J! C-O AXdi 0 IJJL) 

4* 

t 4 j L>- ^0 <Wgoo aJL>- j-4 ^ j to yS* ^y oLjwJ'^JI 4 j1 Jo 

*• •* 1 

JL>- ^3 'La oL Jo CwLaj j\ j j£ ( ^y 0 j^\Jl j*L*J LLjLa' jkO*J ^ 

<r * 

JSsJ ^^Lo>“' La^JJL>SJ (j! jjr jl jjlo jJ->*J <LwtP <LwoJ S' aJjL>®OS 

<J jJL*Jl * *LJ_*Jl ^y ^jJ^I J^>«JJ l^j j_>*J' ' ^5”jjo <jlj t oj j_$Lo 

(-»)« « n 

*4 

^J ^ 1 J® *- -J l ^ ^ ' ^** ^ ^A*vhJ ^ A - *^r i yyCt&J jl5 

JLj ^ 5 ^ S ^LLo j ^J lp 4ibj>* lij j-U (jl ^jJ t lil JjT jlsLJI oUrJ'V I ^Jj_ 
*» 

aJlSLL^o J j->- Robert Dicke LJLo o^jjj O-waJl ^JIJlJI ^L^JJlJ Cornell 

£ 

m I 

£ f. *2 f, f, fr 

LL& O' J^*L C aJLvo»J' ^yL} ^I5jl o]L-*^-*L A^jkaSLvvj* L. Lo l>-li> J£j 

0-H ^ iJ ^ ^ ^ iLS UL ^ 

&■ \£-.J\ i ~i OJb- jii .1.00000000000000001^ 0.99999999999999999 

^>ejfl ^1 jJ>- ^5 1 jl ^jJuLi-SCli jJjLS' ' JlA J^s<a.g V jJlaJI UlA jjl>Oo Lo JjL jJl 

JtS j . iJLgoJt A t oLJLiJl A.waiJl 0 Jla ^tiLu] La L5 LJj t Jo ji? ^01 j Jo> o j53l 

t 0j-^-Aj CjJ l^oj ^ 0 j_A 0-*ij 

<L>-jjJl oJla L^>»jl i a^viji ^-jLS" (_$ jL^s-tfo'y I jJl 5o jiaj ^j-*^ ^ 


oN ^ ^1 ji y> cjIj 0 j-^Jl 0*^ LjLU jLi>-I o\ 

i , 

Jl j\ y Zm\ aJlp /j^2 j ^jS\ oLL^>Jl ^ cr^' 

\ 4 * ** 


^ii.t.1 j\ o' Ja>xj o' <• Lo— ip LJLp j*y u oLi j5sJl jl*j ^ JJl o-j jJ' ^3 <, ^ j-J' olijLi^Ji 

am^^js J j%JlP o| <JLjLaJl AjI jJl jf* ^Ji^l j J-o*xJi y> f-lLoJ' 

. A^U^-'yi olijLLjl ^o y \ y |Jl& j . cJ jiJ 


(*) 
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(J jj^ 


jl ij . Jb»-i Jl ( ^p l^-w4jl <Lq^ 3 c-ol>- L*J JI 3 J J dj-^-ll jl 

cSUi ^jJ iJU- J j J^l jl Jl* Jj Jl^ J l JJjlSI dlLd lit UU? dip ii jJ 

. ^*^oJL>-l j 4»oIj 6 jl^ jl JJwO c j LoA; J i JkJ IaJ^ 

^ J jj^ JJ, J M ^ ^ V^l JJ u ' 

cj^JI li* JJ jJ*JU iLU iaUJl ^Jt jl XtXj .p\ N aJ* oLSl^* 

^ US" i^j^J • J 4-tl^“ ^3 4j| Jl, N j j^Jt jl j t 0*ifc <]l>jl^ 

LJuc>uj Lo Jl c-jda^'Jl LaJu! ^%J3 t dU.^ ^J-p J^iSJl JJaJI diio-j 


♦* ♦ 


. 0 




JL> ^ 4_*l*Jl <Lwww*jJt jl (* jJl Jl*J ( J AAjJ Ax*_> jU dlta £-«j 

oJL 5 jLU L>- 4-Ajj j ^planck time dJJ*J dJj JL~J j cLjlp- p JJ j! 

*♦ 

^^.aj . <LjI J_« t-P oUliJ ^-a J -O -S j*JLp L^’ - '-’ ^■’J • 4-*->lii-Jl jj -* A3J-5l 

a*+ >S}\ olLdl Jk 5JL Us u **£J| ausJl , J l &> dJu N Ut ^L->JI 

j_) J laj UjjJLI^ jl N| i^Jtfl j jj>- j^-aJl 4_J j-?*- Jua 4 J 3 L 1 JI j-^ljJaJl ^3 
JuLvvw« ^3 l$j wUL*_j 'b/ AJLuil? Loj3 L^jI Jj>sJJ> tOlJjdJl qJJ* j*->«J>- 
4 <U/« j-o^Jl ilLdJl ^jj> Aj jjfiu dJ-Lo-j ^ j^J . ^a 5I ^djtj-s^Jl C^IjL«m-« 

.Sui i^kJl dJUu Ji* Jl LJj 


^^43 . dij^-J A^-Jjl J^-3 ^-> ^J^l j*-*-* J-^t J-& ^■tf..*.»*>^o-tl A^u>-Jl a-Ldl-A^Nl^ 

jJOC j L*Jj-a» < ^ xi\ 4j jJij LjJo Lad* j_J| jlS' Jj^l 

U j3 jJo N ^iaJL J . l^»j>eJ>“ <Z*>\ jjjJb ^JdoN U 3 J 4*j > ^<dsJl oLUJl (JL>-A>^ 4*-a 
<Lw<*Jfclj ^ysXi\ ^Ijaaaa; 'Vj t j jSjl oL>- Ajj'Vl diij Jl 3 LLU 0 ^jjLwo 


(j c-a»^JLuw V U j 1 jLax.?-L) 4JI 'yi c ^’■■l LUS" 4 j>- J j ^Jjidl ld& 

^ p. p 

N 4j2jIj djjtll Oj^j (jt < > j0 ' dj! J j j*X-»a dj3 ^3 jX^s- <ui 

aLjUlII JUwO (oLa^j^i t^-_ «*J>-) y ^ j jXl! ^Svj La — ^Lv!?j jLJ Ut>L>- — J>X^ 

.ty** y> J,IjSM 


(^) 



P-J-ukli ^ J-Uj] 
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j! cSlUJ V i^UI ^ ilH V! .oliidi olft 

oA-A j ^ l a * **>J . aJ L llJJ aA^LS” Aj jJaj ^ j>- j 0j3 J-^l>*jo ^>Lj ^1 ( 2 $Ap 

4 dJo*>L A-Jb>xj oU— Jl oJLjl j! . 4 — aLSLI I JlA * wO 5 W J^ . U-l ^ J 

*J ♦ 

J-^i U-i j^S3l j+* J> ^J 

t* 

Jl dJUS t.^ J\ Jj jJl>^j (»j^J j! IuSU-j 

•• •»*••* 1 


t - 


f 






A-SL>- ^9 jLS* j^£Jl jL ^^>e-> <1)1 ^ j JJ 4 Lol^oL jj-vwJ 

KjljA^j J~j>-^ ^J-P -Aj_>*JL> aJI a_9 j-*-> L* J-S" • dAjjL ^LjI 

a-JL>- Aoa jjo Oj^Jl jL> LoIaipI '^j^j Lo bojJ jl jikiJL j . Ajjc_* 

Oj^sJl *-^AjT L$w>jl Lg_*Jo ^-JlS ■ ^a Lo 4 LJu*>L 

(c^L*^%jJI 64) /^o U ^JL OolS* L^ol wb V LSwajI <L»o jl Jl>~j JuLl j_Jl 
jr* U^ ljubj 1 ,000 ( jLL^Vi ^ 63) lj 0 ,999.9 

■il-A^^Jl cLLAp <Aj. <Jj^l Ljap ^+~j3j ^i Lai jj) j ^S1 ^JLJ j 

** *• •♦ '%♦ 

Jl I 4 J * 1 jl~>-l 4 ^ d~>~ t r . : k.Jl jU^^U JLSljl^l iJUJl J,L^I ^ 

J^vO^AJ — Ljwb dJJi ^ ysnJ jl 4 jJJi {jA j£ \j Jo _ LJLp aJJj oLaws ^IJlpI 

jiL^o J^j ^^>-1 jJl j* io JS ISL^o jl L>o cJlS liLj . ii is^sj l \^s* 

2^1 LJVl L« ^AS" ISLJj ?LL^J jl>-I jJI (^jL^J jl 

** *+ *+ 

tjij ci^Lio jdl AijJl ^ 4 JU ^>b lSL.jV SjbkJl ^aJi jJA: Jjy 
oVjLodl oA_a j-p AjL>-! <£l jJJ j>Aio V j-<L jl VaojIS 

^.oj ^1 oLLSLoVlj cjVL>jl?-VI aJlJl^ ^a ji£\ LAL 200 Vj 4 La^p j 
LLw j-^*o ^Oj^o Vj-s^J LSL-ajV 4 j>*^o>w 2J1 A^^aJl J^O>ro j ^5 jLLL 

4_3jj>^1j >-T L>-3 j^o o ^S-l jJ ciLL jt-L*Jl ^ . Ao L>L ^AJl J-aLJl 

. Lk>Jl L^^li a^oo jjl lJ^A> ^1 
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cbfJ' oj £ 


f j -! l £ j -*-** c c 5 iJ jLjl >-1 ^3 ^^*-^**0 < JjJ | 
jl5 LJ \SLaj^ iJjVl <u^iJJ ±SjLjS“I oLS* jJ j . oLia_*_<Jl 

^-Lp Vr^ilJ' 0>V v^i t£ ^i U ^Jl iaS jl ol5la^l> 

*• 

ij^laj LgJJ ^-1 < J^>\ OOb-l>oJl (jl ^L*3 0 j^-*1j ,LU]| Iju jj J !iJ| J^o ol jA 

. i*jwl>J U ~b- ^Ji ^.JajJl jUtA^I 

^Iku _ jiSfl 5JL^o jLi _ ^Ldi U5 LLo 01 

c jUx-dj^l pLj! ^3 ^>Lo oJ> La ^iLiSc^l ^3 ol o j5CJl C'LJLjtj 

J dll% viJ ciJJl U .0^11 ^ XJi^Ul jJU; ^ 

«* 

diL jl J^j ?ol»-bji oLJj^j < u^oJ | Lg-Jl V ^^Jl 

‘'^O 9 ‘■^ 4~Up ^e- j I ^ iU-^Ji 

>. , ‘ ^ . itf'i LJl ojjl>- L>«jj tiL»J ^AjiUiP-'yi j~£* 1 g .o ■ a, i ilJLp^l! oJla i“.‘t j'i 

^ 4-J I J^A 0 OOi jA 


~ <0 


• jb^ Utri w Jw^Lo dJS y\ ol Jui 

jl ^>5^1 OolilL jJLjuJ! o Ua L jj Ji iJlj j_A *J* yuJl j _^J( jUJl cJC jl 

jL~JI ^ L~- jl£i <JlLp -^o v^LulO <laJU 4 (_$ JJl JjLa'y 

— *4 

oliUoS"! 4>w* a] O-lSi' UL>- o> jj?;-Jl ^j| PjL* ^LjO jl V jJ <. ilkJl 

^JjJ! ^ dLL- cJL? Lkj^Jj . <JL^ ji dollJl jii vlUi juoj . Lji 

> •* ^ * 

^Ip I-uV Ji-il jl J^j . 1^15 O jilxjjjl j^A ^1 sju^ jJl 

*• 

. I j A* i i> 0j^-> ol bU Ooj^ ^ ^LjJL^Jl 

^ i/ 51 c ci' <• ^1 >ji jLj 1 jl.n oi 

^br^' ^ * ® _^-*-^2Jl baiaij ^?LkJl ^JwaJl ^-jL!L ^jbolbl 

✓ 

JjOJ» il jb^Jl ^bL» nonzero vacuum energy N ^1 jjv. iiL^ 

0^^ oJjfc tA-JLibxJl <l->-LjJ| ^jA L>j. 

43Jj I wbV io-i Ja.^0? <Jlp olS” OJJj) { J ^ ^xij . <C 
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iJj^l U5 j t<ill £.51 jJlj • ^y/'Jl cUjliJl jJ-P V ^/UaJI j/Jl S /-p 
UJlp tlJuVJ ^kjw,^ /J *lkpL VI tSU j /J I j/o jl // V t jU.x/ 
V /> jju o / /I dU U5 iS^yt l~^VJ /j-*-p ^ /J> ^Lk^l jU 

. <J| j>-Vl ^ JU>o jSji ojUJI jl J~-ft 

aJjLLo j j la:" jl /Lo-) ^-i/i tl ji-s^ *I/Jl iiLU /b> / lil j/Jj 

/, jj /i^UJl Lftj^a-* j //* Juft ? j /Jl / ti/Vl iiUaJl JLSLiL 
oJUJl /JLSt Cr ^ i Lft ^ /VI £ /VI / J UjjT fi ? j/J' 

. ^ .lg*Jl jL>sj2jVI oLo^SsJ 

/. JaJ| ^LtfJa-v^Vl o j-ftU? <uJL> L« j/jl jJ*-P 

♦♦ 

c_aJuL>*J V <jJlJl>JI j jw3-*3 \ j c_jUb>- Vi ^y> ^ J-P /I a z ./3Aa c (J /-I £t>- jJj 
// J oi? / wli jVl </>■ /*Jj • </> jVl jj^2j*JIj c^Ub-Vl / ' .// 

Uo J^i jr 4 pJ Lo-jj /} ^-U/” ^ cT*^’ 

^ <//jl J > /Jl JuLJl (i J— jVl j/ /S I / / >VI ^/VU oJ^aSI 

. jlUS /lp ^2jlL> V ^Vl j! V| . j/Jl j-s^LbP j/ J^-d w ol/uo 

^ ' > 

. io ^5\Jl AjJLvo ^S 3l ^JwLj>-I jJl Us lj*x!l oU-ft y>^A aUL dJJ j^J-P I 

^ , ^***^~ ** 4j'jUJI <-bJb>«J 6 5.5 J^^wJ J 

U5 ^ ^U-vJl 1 ^ ««* tf > Ial<JJ OJ (J y 6.5 J5ULJI /j . 

^ ^Jl i^cUVl jl ^Jj y*~Ji\ . //I i^ibU ^U^- u^l/s LftX^?^j 
•• 

. c^I^jJlSI ^ . *u^jl ^«-L— i A3 ^ j_5l jL>sJl ^jLaJJ j-y*- ^ ^ 

iSsS J**A b\j cjUJl jUJl J J -JUA jl 2L>JI 6t 

^^Jlj 3 j^-j jj-p /^Jl ^j- 0 lU-ftj 4 ^jjIaJI ilLfll oU-ft / wLlj>Jl 

• 0?*J' ^fiJJ o* r^ u* 


** P 

jUUj! JL^*jLw*#U 6wLs &j ^ »> U •wwvJ Uo jl ^Jj A_^_>LJLa3 ^jL^J 
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(j- 4 j-4 Ll>- ^Jw? Ml ^SIjJl / jji> Lo IjlJuJI 

li jJj 11SU t *^^20 M ill>- dark matter l*Jli coL^j j jJpL>cJ> IJI Jj j-^-<Jl 

ojy^2j A^^iXoJl l^lll jU jl? ^P Uo j 

& 

. o /Jl jjk** UAiJl s^Ul b\ oULiJl Jj jj . Lgj Ml 

4 ol^>6^Jl : ^^A d/lSl / oUl ^y> olls^l AjMu /p U/j ji 0 /o I JiSIa j 

. <ujjli!l ioLJl j t jL>Jl jliJlj 

^^J-^Jl £'/-*-*'M Lj (— jJ >~ I l) j-Slo 4 — IdjjT I wL 5-3 ^ d_*j Jbj^Jl .iSLla j 
ir° 3-~r-i (ijj^SwJl) <j Jl /M I y* >U /z-J j-aj cosmic radiation 

• jl jJ>dj </ 4 *1 /Jl 4_1 L*jj / /Jl C- L^il l Jl^p| 

** ♦♦ 

jj3jl (j- 4 0>Ljw»X^«Jl l-L* 4-iJ_>Jl ^Iwl ^ 2 L JLO ^ ■ J* all 2 J-*->J 

Arno Penzias ^Ljij [ jJ jl] U_* ^^1 ^Ji dJUusJl jJUJU ^1 ^^LJl 
. * ^ "* * 

£c-L* <ul — Lki>- — ^M I tS^^j lit jjUJI Robert Wilson j J j [o j] j 

- _ ^ 

4 o («— aJ^JI coLI^p kX^>xJ 4 (^13l ^/l ^/l /Lp 

ji 1^_>I l>xiipl j 4^/lj/l ^j-Lp L g «~p La^I>«jI ^/jp j%JL^j>sJI dliJ old*! 1>-I / 
/ ./Ml IJla iJljl / Mli Loip i/l Uju^j obi J La^ / oi>Jl 
>■! ^-AXP JUj l-4>- L$a j*\ J~Z ^Jl 'X^>y U-fi! \S Ji I jl l£J l» 

f 0 * w 

4— Uj-oJl O^Hl /} c_iL^ 2 jo ^Lx-JiMl ^S' JaLw* j-A J 4 o ^^Jl d-jLl jA 

. 4^jIa]| oloJlj jl>«Jl jlkJl^ C^ljjj>w^Jl yo 

ciUl . ^C3 j-*_3 Uxl ^Lw^L^Ml 0 L 0 jl-^Jl 0 JlA j 

*♦ 

4»— ^ 1^-^tJ 1^ O^L<ll ol-A 4 ^wL>s-> bLa ! ^_A Ij^A ^\ j t * 

^ jl Lo JaJwijl /Ip 4-Ji^j dJUS (1)1 4 |JL>- 

/ (jJj^-51 j-^j) ^/-^Jl 6 ^-t-> jl ia^-lJl j-jJj (1)1 ^ 


V I*Iaj t Uaji <J jSUl neutrinos oLa^j j y 4-i>Ui <jjj^ id 01 cjU ^J adl /» « <Sy (*) 

. j 'LSsJl 10a y Siji jJl idsUdl ( y j**-* 
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<Cj_cu 



Ol ijlJjjJt >i,mia.I 5.5 

•* 

^ ^ i P 

( 1)1 L%slj} l^jjp ^ .«.« ** * 5n c jj . UiliJI 

oJLaj . ^j^J! OollSl aJL>- ^ US' UUJ 4^j>-jJI ,y* LjitS 

^Lw^jJi j-S’Lw- 6 ^bJLo! ^i!l 4-pJjkJl Ja^aJL 

^ ** 

^1 jjVl *UL ^3 J^objl Lya.; 1 j-A Ja-waJl 61 ^ j-Jl ^ 0516 Oij . A«L*Jl 

^ . i 

^3 L*^ <uJUJl o^LJlj ol^>t*-Si £ + /* > L« Ioaj t Oj^sJl ^wL^j 
. ^ OuWij ... >-1 jSj J> f'U-iNlj 

JaJt-yaJl l)I 4jLJL>Jlj . Ja-*_y? Jjl (JjO-o ^ ^$ 0^1 c AjL~JL l~LoJ 

ol 5 ^>- J-P Jxi^Ji LLJ ^ c ol5y>- ^p 

•* ** 

CjljJJj>Jl ilJU jl OJ^P (^1 ^^3 ( J-<*-*j oj-S ^1 uS^J"* ^“Vij-*"*’ 

61 IgJl jl <. olS* y>J! oJla ^Jl 61 Nj . L»./?ll OJJ. 

6 ^561 *Uip j^ij • Ua *.vs> ^$oo> ^ oil tLgj oi*j N 4-Lq^« ^^g.3 

j , ^SJl jLjJ|» Uy^Li U-o : , «J Ja-Lvi N t^JLJl JiLJl 

**» 

. IOjI /Cl 4JLP jJ 0-> "V cA 66 * jLxJl 6 ^ Cosr 
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Jk^.V « T t. l l t fr. l*^j ^njl ^S-La-wJI fjjfi 4 qU\ a!1 4- I'ltiii S J J) - 6.5 

M 

.SjljjaJI ^-o jJLJI 3UJ! ^a <JS^Lg£- Ajl:*. 


e- «■ 


b^->l t Ja^-s42_li 0*i_A jg-lg. -t>.o 3.»L<kJ ^1 ! ^^3 

. . . *“ ^ f w * s f, 

^ 3 ! L^jwo IpI I dJ^-a ^ Jw^iJL) P'Ls^Lflj Aj2_L*-« c5^° I 

4j*JLJ( 0 Jj5i ^ Oj-UL Oj^Jl a^- L^ a LJtw? LI b-s^ 

^ ^ OljJ>s_*Jl Jj-Sb! Jj j\ J-4 *1 

^ , . f- ^ <jf jt 

43 -UjJJ £v?L>- JjL» (jy dilution rate yS yi\ <Jua >* J Jjl^ 3 J 0 J I Jut j . Ix^U 
^j_P 4_£- j A^ jLLSI oiUl Ol L-Lfc-^* ^JL-a J * )i 4^3 j\ jLjJl 

jjJaXj L.LJ 4-~-i OjiJl jjJaJ £-* U> jj-kj jU j4jJ>j t^jLi- JjL* JlL. 

• *->*->- U^-*-^ yS yS\ AAA>x-a jJl*J Uaj| ^g3 h oljjPT^Jl 

' M 

t s^i J! 1-LgJj • A^$bo-a AP J^a^L ^1 4 P J-s^Jl 4_Pj-*^J L$. -* | ~*M ■* J* ij 



c - j ) < <*>1 1 itjuu y 
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5 IW t vj^ 1 ' dywaJl ^iUJ! J-J y c^UdVl JjL- 

?y^l Jyli XP JsUl IJl* J^k; y dl)S 

Uajw? IgJ c 0 jl jiS’li ^£51 C^Uy yiJl -XpLjL) 

y tSLyfy l jl>Jl li-A ^A>1 

^ tf jfi 

A>-dw 0 i o j£S\ ^*1 y yi £>>J . l^X9U? j yi*j ^la Xl ..*' dUi yP £yyj 

. oLy" yiJl y a~JJ idJL l^li^l y (^‘Vl o jJJL yJl£) Ad~ 

’i? * ..-?' ■ I o yjj A3 »*_JLi t_3JJ S^Jij {_£ y*-^! l _ s - a> *— A-* «/? * CjLjyiyijJl di-L) ij! Nl 


J~L *Ud>l JSL, jjSy ^dUj dUJJ . J- y!l y ^>1 y J jJuJ! 

i (r i i 

2*X*o~) ! Lo«A y!j a ic^ V **>■ £=r y> • y> J-Xj«^j Jd<»jJl 

^3 aSUs y» 0>L)yiyiJl aJJlJ d_£- .*_>-Ljl tj»_>t>eJl 

(Jjl*^ Old ISli . 0 y$bl j3Lwv» ^y a a. ^ a ^jLxj <J*y«d-oNl I.X | 1 (jl 

A^Ul y> £yZS — j lly teiUJl y ai^o £yJ £l*d)ll y ydyJl 

Jjl ydJ! 6 j£Jl cJuSC ulS <ul 1 N W b^J W Ud5 UUdl Ot ti >bi 
«* 

4jU C J>-\ ^jj ^3 AJJ* yJl <-JLJL>vj b\S t^J, t J-*jaJL)j . AjLJLj 

* ** ^ * '* * 

0- 4 a?* — d 1 ^j' 5 y-^» oJj y ijjj^JiJl, yd*>dj 

• aaJLJ! Jl ^3 ^-*^>1 j olS' ^ilSsJ ^Ji ^yp 

^iyd y>d, jUciJNl y> yLd J5di yJl y^J' ^Udbl 

£jt> ^Lo ji j jjb j : Hot Big Bang model jl>Jl ^ : lg *Jl jl>xiJ^I 

" ^ ^ ^ 

I.a/ 3 « 3 L^Ju^c^j AiUaJl a^JLp t 5^)1 ^>«Jl 

. jUJl 

^ ^ * 

^ojJl ^^_Jl ^z- y+/? 1 L« ^ o A^w^UajJi Lo^a-<>_1Lj ^_i^o !*aa 

oJlA *\Jl> 0 jAUaJ L^JL>e-) I^La OLJ jSH 
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J^- 1 ' ^ ajZ 


^13^1 J^l 1^-k cJL® l)j-Sl» 1)1 tif***-^ 1^U» ^ J-^-H OoUJl Lg-Jl U-£v?l 
*♦ •• 

*<~J=» J* j 

iOjJ jl 1 $Jlp jlsCJ il t JUJU-tJi J yJO ^Jj 0 ykJl iilk 01 ^ N 

Lr oJi> ^Js- j _ j^k, dDS ^ . <u ^0)1 islkiaMl y* Ayjl ^jUJj £~-j0! 

yJl iilis J2 Ll> 01 Or 4 “^ J ^-uyJl 01 £A*-2^ll 4-10>- 0 j-2>o Lo 

_Lp t^O^LLa-^Jl Jaj j^Si lU-J^ d-»-L>x-j L«dLP cy 0-1 1 

•»«*«* 

L_JL4>tJ j -g 3 ! IwLoN ^3 ^ jjl £>-*> jjJJ O^-S" lJ-gJj * j-^1 

. olla, ll A-Jl JJdj di-J Ojj 4 0 Jj jJ ^>jlJL 4-~dJ jJI ^3 J 4 AJLslia ^SjJ 

4 ^->*->*-11 3wLd> ^j_P *^JjljJl J-d jdll ^ tf >cj ) dlv^ jl*-^Jl 1)1 j-j^I <1)1 J-A 

J iiUaJl dUS* i*J jl ^1 ^3 jLu iili- ^1 ( J >dj JiUaJl jN\ j 

0 «* •* 

dJJL^olj oLS” j_Ls . (1) j-^Jl jJld> 1)1 1) j 3 4 ^lj jJI Lp j^Jl ooliJl 

!^ U5 Ji A3li» A3 US' 01 c^J^r- jJ ^ ^S3l 02 UJI 

oLsj>- Lo Ow3j ^3 oJlp>j jJj ^ 1 Jo>- 0 aJN^ dLta 1)1 

•* 

jLdJl jJ (wA.n,A.>gJj O jJ>3l jJ jl £*0 4 *I^J>Jl iSUa fijlol (jj-SOl 

AJw . ‘cLS 0 ^1 (15^^ ^! JJi iiSi 

<>- 4.^.1? ; Laid) Id J-S < 0Ll>c^ Ojd* ^3 JdoJJ 4^jlJos>- Aj jIS di p|jj>cJl 

Ad i^ji Mj t Ld^j>w0 oJl^j 5 jS^ja i£y-* 0^3 Aj>JLS jLo-ww) 
?0 _^50l l _ ? l-p’ f-l j>0l (O^ - * 01 Ojd>tj j»J liL»J : (Jf-L^oj . yj^Jl 

420)1 J^0/)I J Sfji t JJ y> LUi U2 alop^L jJJLSl J^J 

1 J^J-^ Or 4 ^ ^ ai^-a aJI ^ p 0L*^-il 0^^ • ^Ulo 

34) 1 ^jjs jJw^i O ^3 t\ j->sJi dllaJ Aj^LoJI A-^jJl 1) ^So 1)1 ojj 1L 

Jllo ^jL<d ilb- 0 j-SOl 1)1 U-d ^dl j U5 tilj . iuJL 0 . (1 

* > 

1 ^jja jd-v^l l)j-S0> 1)1 N ^1 jdJl iiLW l)li 4 dJ->!>\j Ajujl 

. 1^3 ^1 jdJl A)-o-J* 1 )j3 aJ jJu>JLJ 0 . (I j-Av^ 120) 
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^ a I . /? p j Aj>«-p^o « la * J I jL>«-4jNt jL*Jl j! j^l ^ c->U 

Jj-^jJl j*\ y jjj4>o p-UIpj ^^LJl j jiJl dr° 

*• •• 

u^i diL- ^ s jCI J ijSfl oM jU^Jl p\ J^Jj . jl^ ois L^jT L.JJ ^ 

oLJji' j*JIp j-a j Yakov Zeldovich ^5L L$j 

<u c i«J J^*w» (J • OUOjy o j~*> cs® ^ jr - 

•* 

A-P|Jj1j A-^ljJl aJLJ- Laj iAjjJllJl i-ooljjJl ol jJw^o ry> 

^ ^ ^ > 5 Ml 

"'^■ 3 2-Ui j 4 jj-bj j*J t j*-L*iJI /^Ua.p j-g -ft ^ JLiJl 

. iJlill y Ip dS d^d j*J j oljjiS'jJl 

. * jl j jlj^l oUjjb — oUjj ji jLi — jjJj jb 

s' 

O-L^ bi~>- o dr° <_$* jjbJl jtJ-p dr* o^/Ut-4 ^j JJcJ»l JLii 

. <u Jl ^Jbl \X* ^^.>o j j53l *U1 p Ujlp jb I ^^JLp UL?j ^Ul 
OjA* jl <• < b^i i CpI^Px^JI y+s*<±j 4^*_> (. i ll ob dUJU 

dr* Lg i « « * ^ l ^ jJl ^JL*Jl /v-^L <^,^1 

* bouncing universe ^plOJ j^\ j j52 1 o 

dr* li^UajI ^^jJLi <lp^j ULLLa jl Lj ^ 5 L>-i J_*J wL>- : ii ^JaJi dUU 

AjI^j ^ A^voij ^1 p j^aSOj lj^5 jl ^-Uj * ^^ j an ^Jl jUxaJVI 

jl t Big Crunch yt JU Oj&J 4 Li^-b 

oLp ^-L o aJj>- j J-^JI jl UojI jtJub HSCJ . 

jl 4^i>Jlj . dL">b kJi>- ^ L^L yl\ ^jujlSI cjU^ L>Uj J^Uj L y2liJ 

** *♦ ^ 


S... j i."."»'.J 


^ ^ j jCl £ja jljV! j-J jU-by oU J-ai : b j^Ji oJl* jXs>\ 

Wc 5 wi*)UJi jjI ^* 21 <ujs» jj! AjL>- o y j 

4Xv^»p 0 ji> o (j! 4.^..a j otj jl L^ajJ 4^*(1 jJj j . ^*>>LJij! 

f 4 ** 

cji ^ j * J* 4-^3 j > $ t t-L^aail 

o^j-LaJ j j LJ! 4Ja^-^Jl ji-oJjj wi]*>LjJl jj-P ^iaJ*j! Jl>- 


(*) 
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d 6 j£ 


jUT I 43 cLL^Aj <ui>- j\ ^ ^ y >- 1 ^ J5-Jj 01 <v» Jb N 0 ^5Ji 

** 

l!U- jb>o oSl jj^l 01 La Ju^jJl JjUJl J . UiL' 

UJLJI jU^II oJl^J ^L5 : jjiUl *U_U J*L-J j . JujJI M ^ 

‘Uj Oj^J 01 4 -bJ^ j»-JaP jl>«jl)l ^1 «^4^J I d)l 4~« 

^ ijS' jLUjN JLis-I 
** 

bS 1 t phoenix universe OJibJl 0 j5 -_~.l LsjI 0 _^3l jllaj 

•^J • y ^L-SON! ^ylJJ aL>- jA Ja 

j!) jA jj£! 01 ^ Sjjp J5 01 JJbLl ^ ^l^jjjj jiOj 

jLiJl J->- JjL- < 0 ! (*)(? 5 ^Jabl) l ^.:i.;L^ (^jjt 

. 4^al^2j>Jl oJla /yj oliu*Nl> ^~Jsl*JI 

— <Jl ^Lp t 4 ^>«^JLo oj 5JLw%^<Jl Jjbj ^9 jJib <ol ^^JjNl aJIa jJJ Iju j 
^j!jJ jNI 0j5sJU ^ (j^Li>-NL ja ol^oLyjgj c^l>sJu<!? Jbu 

. l^j| jj <. jSj>cA>'yi c^ , ^5Llj n ^ji jji ^ 

y d tyy Wi -s^K? jL.LJ'yi jLJi Ot 

L» j ^ i ^ LiJi 4 0 ^5\Jl j^Jlp ^J& oJb-L>- iwbl ^»- . s>~...~j t eJu JjjJl 

fr £ # 

»LJJlj LLiJl jji jJ_j jl J^JI y 01 J- 4 L 4 J JLx>^. J>o ^ y_ 

♦♦ 

<tJ pjjb>-l 1 1 ^1 Ssj| ^9 wbixjl oLJ j-SCJl ^9 /y 

' ♦* *4 H 

(ijjl *-*» yJl 0 j-SLiJ j^S\ Ju?-i Neil Turok ijj jj JwJ j-o Jju>Jl 

p & * — 

CS> UNI a_> jJ 01 SU fr U (LJ 015 j) Jlp dJUi JJ J& . ^jL:IIj 

<oNj wUp <Gl ^ 3 ! . jU^bNl jIaJU J^23 iLjJl jl5UNlj c^*^U^lxJl 


j^s<aL4]i oLj j^j^sLaJl t 4jjt j>tJl ISLobjjdJ O jjLaJl ob^jOl (^) 

Oa-J ja ^iiJJjl ojS ^ ojji J5LJ ^-^s'yi ^-^>0! $jx>- jlj b_>{jj ^ (Ljj^bNO 

. ^j(^>J1 6jj*j23 
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j> 

“l 





,L_li 2jjjl «■ * ^,i a*C *J ^j_a cjjJ-fll LoK .^jldJjl 0^-^ jc-® ^jliLl^JI (J-oLc. 7.5 

^ ^ * ° 

^j-juCk_fii ^ ^ ^ “' J)~ ‘ .^-A l.rtA ^JqLjlj k ~v !' . J-|JL^. |k ilriC. jl-%. frtl 

" # 

• <J «SJl>Ja. SjVj» Jju 

U <*_> ji\ O N I V d)l O-Sj^j I j_*_a t ® La £^oo) LJO> j 

^ «« 

^jjJiJ L>- 4 j1j> J*>- ^3 ?L>r la .«« aj LkkuL>wo U ctiJ.} jAj ^ I . jJs>luJl 

*• *♦ 

i 

«0 J5 «lo *^Ji» SjLp JUjcu-I IJS d I U jP ycJi! ^yt 
pj ii cUyj»j ^5i Su^ jlj oi Ni . cji^ u*, ad* ,jt jb-ij 

Mark Hindmarsh ^jLajJL* lijL» <d (Jg.Ji.va. .7 -Lij 'Vl 4_«*^-£ J-J J_£Lj 

** 

0 j^JU jJL>xj w lO&fc cjL>J)j Ul c ! *^jli t 0^*<j ob- Jl ( jvJL>Jl 

ol^aj ol 

♦« 

p-> . . . 4ja^X*_> Oj j-v^L^cJi JJL^j ^ c^l **—*"*-*& AJa>cJ C-oLwj 

jj f. ^ p f, 

! 1*La O' CvkS*j^l Lwv^ ij jJ L> ^-Lp 1^ oiOkS* ^-t (g * a Ulj t 

<u-v^mjJI 5jjJij ^j>o iiLfllSl oL.^.isJl t ^5os olSLaji 

JvS" ^3 |jj>-!j j JLo jli- 4j| ^1 jJ^Lj 4j>-LoJI ll JlLoI i.A^\J>xS\ 

•* ^ 

-^/ «U *^oO) JjoooJI JkO Ijl^o jI oL^® jl oL>cJl 
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J^' uj £ 


Vj t <J i!liJ V jjS ^ Ul <. UajkJl aj^sJ ^Jl N I 

w ** ** ^ •• 

i . * 

jj _ £±a jJ jij - Ja oa>j ^i oj-p lj Ni tjiVij 

0 Jj J*jLjl L^d?L«j 4_o2«JL>- a^-Jl^a ^ V 5^^o.ai <U»^wJl o|j • j ^ jL>t^ 

*♦ ** " 

yup L^s v L$l>- ^y> ji L-^li dUI Ju^J dJLU^J ^pS\ 

. dJjlS'^ 4j>-j^ d*olS* U*»£>3 


0 j-i)l oLjww*-^jJl Ja^lj! ^X3 £ j}>-\ ojL> ^3 lllajj^o jL? L^j 

*» «k 

‘»-- , lj->- j^j^i t cJUL jl5 Lg*P jiajJl ^Jajijj c <JUL> Jjj>*Jlj 

^JJl 4£-w*jjJl ^jjL>tjjj^l Oj53l j_a aJJ^ t « lg *J I jL>oijNl jL*Jl ^ -p Jl->-j 

. Alan Guth ^ ^Jl <u ^U 







i t—J ji\ O jS\Jl lie- jlS’ j j£}\ -yt oLl>«. ? ..Jl jpA^ ^ 

O^lJl 4*«o , ^ L^kXjSj X$ ip^w>WC»SA^* l cj l f-Ujj cJlS' j 

*4 ^ 

i^iLL) o*)Lplij l a *■*< jS~> ^jl)I i^jjL >% Jlj I l *.& 3 

H 

^Lks^! ^ /»„^:;,^« accelerators oU^* £U1 p j . o Lx^^wwvJ^gJ 1 

c/J • dUt» ^1 p c oLw>Jl US* ^UaJ ^l\y>- 

coUJI Jt^Vl ^ IbLU ^JL. ci^J i*^J! oU>~Jl cLJUj xJIS* ^ 

0 J-&LJ! ^-jIxJI ciUi ajT • ^-*^ w0 c 3^ j J I ^Jlp 4-X> ob 

f. <* 

CXj^>-l aA^S' \ — >jL>*Jj 4 i5jL*Xa ( L^o.la.,.^0 ^5 ) d-jlS* cjL jiauJ 0 j^sS 

. *X*j X>- ^li C^LjJajJl dl-L <k>^+p jyc] tXl P ^3 

•# 

^lil 1 ii Uslgjl iL>Ji ^ £>Jl I ^Jjl^ U5 I 

4 o 5 -j jJ ajj 4 £L>j-*i UfcJL^j>xj 
jL (J y>- _ lX-*J! X~>- Cf* “ 4±ib db LJLp 4 14 J V AiljJ 

^JUl (Jj^t O-J 0^ 4 4.«Jj, l a * >a Sjj^* 2 > O^SCj olj Ju 4 b Oj-Sb 

^ ^ 

oL^.> jl ! yni 4 iiUaJl ^Ip (_5 ji jj^ ol 4 ^>*j jl5 Ojl _^>Jl 

*Z A 

<iUaJl ^LJbJl j»X^Jl Xol ^>- i^r 4 bdi bLw 4 ^XaJ 1 O sJl'»l> 

' »t M 

. j£j dJUi ja Jit 015 *»I^JI £^! . oU>^Jl J 


fr *. 
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* 

^-v^L?- o i l * * a <j ^_^Jl g-L^— L-p ^»L<>jlaI jl5 

^ *. 

^JJl t magnetic monopole <^JaiJl 3*^' y^~-> to y oLwill 

y5l j3 ya t*3 yLo <1)15 4 jI Nj t J~*j oLp ^*_<>Jl ( y JLA jJ j%J 

£ P p ^ i2 p 

i JaJiJ l oLoU-l jJ jJo <1)1 Jj la * -oJl . I ^ I >w? ^JL>tj ^ y>- <u^>L*ol 

^-lli| ojl^P* U y^Jj . yj jJl <j ^1 sLijJ y3Vl toUiJ-Jl ^y jgocoJl 

jji J* (_y» J-Aj L> cjLo»ww1^>^ oJ-^J <l)j-S\Jl 

«* 

^ oUUJ jl Lli ; ^rj J^J! ^ J*i idAUS jH\ & r 5 'M 

?J>W ji-JLlSt <1)1 jl]g:>L U y>- yo oJlj U oLoW 

y cosmic rays iJ j5tl! i*J^I eiLl^5l ^1 oNjL^Jl oJla J y^>\ yyj 
<*♦ 

JjSi fliJl ^ Lj ^SJl owiVl J'j . ^Ul j^5J! oLJ^Jl 

I ♦♦ «* ^ 

P P * ^ 

c->LoL>-l olSll? yo yol olill? ol^j Ljy>*_» yv? o>jJ jJ oLwo- 
Xp iJUUJl oU^JI ^iUs ^ X*, Jb- ^1 ^Ul l^l VI t < * ) ( ^JaJiJl vJail 
i]|juT £$jy»\£ y lyJ jl5 Paul Dirac lit y$ J y 1)15 j . i-J ^5J! ^JULi5l 

o>Lp^vw<>JI oU15Lo^ <j y <1)15 Lgj>-tu| y£J t antimatter oSL^Jl <oLJi ^ y>- y 

Si jl OjLy5l ui sSUtJi o^UJl <1)1 3L^' y ^5-ijj . c^i jJ! dJUS y i>-buJi 

•• *# 

. yj^fl Lp“^! ly ljr$ t olUUj 

%♦ 

^ ^ ^ 4g -^ ^i. ^ ] I £"Lj^ww' ^ L ji-P j • U^?l J .-I. -^z3 i3 Jl jl5j 

\y h\ Jj cSx,^ oL-> SSUaJl 9^> ^1 i>U jL^'Vl 

oUaJl 5-JL^Jl yo yiSsJ oJl5 ^Lo-^Jl yJl 

^ ** 

o- U* ^ ^X»*^o (^5^^ v — - ?u Xj <L*^u2j 13-A . j^JI 

3jj <:ii x>^ ^xui b ^.scjt ^si uj^Jj . v _^ji ujiVi iiUs 

t>* <J* Oijr 0 ^ y t^UaJl 

U^l J-i 


. 4JUJ! jy iiUaii oii <jyi]i jJHi y y^j (#-) 
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L>LiL e^)l yjr 0 01 • 0OL« (JI^-^vJl ^JL JUL$ ^i-U Ji 

blju4 I jJb-Jb Ol u ^L^JI ON Uj U ?OllJ v lksVl obU 

^IksNl oLib-l 0! . IgJ Or*-* N 1 yr J’H Hr” 

L# o y jJt j ojljjJl ( j-4 j-& o j_$LJJ ojL>Jl o jbb-bl aJL>- j^Jl cLLLj 4joLL>- ^ JJl 

k.i^fl oLoLb (j j j-5Dl N oL) ^ULl-pVI ^^-Lp 

*• •♦ 

oU^ ^ jl ^>Jl *L>j^i ^ Lo bUb>- ^ui jl Ju N ob • ^i i i~s n*i **i *i *i l? *1 ^ 1 1 

M M 

. ^ba ,*J 1 

^jJ OolS JUL3 ^llLojNl { j^o p^_3j £LoJL*Jl c_3j jJaJl dJUu ^-3 

j t* 4* 

^JLp ^ ^>-^1 ^ j-dj j olxw^wj>«Jl ^^Jip U>-a1jl>-J ^ j-aJ 1o^>- ob>eo>-Ll oLj^iij 

ol 1 ^Sjbj . U^-JUt>> ^3 oLiJ ^JLo Labis' J 4 « la *Jl jbsxjij'y 1 b^b 

pj j^-iobi o\s i^Lo>- 4 4jw^« ^jaAo oip ^y>“ioij ol b.Aia.^0 Oj *y j^bl 

oL^vX^Jl ^ oO^LJl jLi?l ^ j * jb» Jb J^l-p ^1 (jbz-Aj 

1 ^ H ♦* *• x 

£yj>\ J lii ^ o ^5bl j»-Ip ^^JLp aLo 15 5JL5biw<Jl o Ju* aJ bl L^p jbb 
ojLJj! ^ ^pp o ^%-L p® <1)1 

wi 

. wO>xJl JwO->C^<J 

! jia bb^Jt AaJj>- d^Pjbo 05 b^^bl bb'o IOj J-i! 

i^b j-p oi 4 —>LjJI b -> jS jJT oL? ^-M^bJl o j-aJ 1 oLo^-wwJl ^-bljl ^-5 
^ *• 

. b jbbl ^»-Ip ^3 A3 J N 1 A-bp 4_*o j3 4 C^U>-^vJ>bl ^3 LoJlp A Ju^jj 

AjI t LgJ O^lSo obJ LLo oJLP ^05 JLA3 ^ Aj^Jb^ J3 jjJl ^Sb 

. 0^^ (b^" ^p*bl ^1 jo>0o OolS* d^ j'yi AjN Ia« bb A^w-bo cb^*j ^ ^bl 

i<wb iiJij jl t _ ? A-0 ^^33 <GL^ ^ ^ <01 

Lo IjbS* A^lj^i ^jA 5 ^jl>Jl o ^ftUaJl oJla . Lbbbso *A 3 Jujjbl jl 

l^bS* A*jlb> O-wb 4jt- ftl jbi-pl ^o uoLjwJbLbl ^ba-o ^ ^ la ^4 i^wvo^aj 

■*ji*j| jbiu : JjU^JI biJlj .AJbj-bJl Jal^jS/1 ^jlb- 


?• ^ 
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(lM <y ^iij jJ !3U <.}y**i\ 

♦ 4jL>- ^uSj JaL>-VL jx^+jj JUl ^JL*j oIp j^il 


l/ 


*> * 


• <J ^ °A- V* ^ ^ jjT c/yu, o>i 

^LVl lIUj t jp <ub-!>Ul djLLS ^3 jj^LJl * j^Jl I j-Sj Ol J-^-mJI j 

^ jj-QSj* Juo*P ^ip ^ * LL^L'Vl . *L j-vJl 

Lo-^U- I jl jJ jJT JjhJl CJ jJl LJjS . <l> Ja^l Jus j 4^iJ wL>tjj ^L_**>^/i 

*♦ 

U Jj** OL b ^'UaJL'Vl J^J 4 (^jL>«j2j^ I £-*+> jJi o j^Ua ^Js.Qj 

* 

j*-Ip ^ L~i jJ j < { . Particle Cosmology cjL^^JI oU 

!r* Lr* f*j'y ^ ^LLj^iJl Oj^Sl 

^ ^ Jilj j ^LL j*J 4_)l jJL L^a J . j-Ja^^a 

. ^JaiSl ^^la-Vl 

*• •* 

^ jLJ J t Henry Tye < 5 j^j* j^c-JU -J J_^j *_* u jIacJL jJT J_o_e- 

N oLa^^Jl *L> ^3L«J jj-f' <JU^>*-Jl Tjui (.(jjULi; »_j jJL-L l5L~*Jl 

<* ^ ^ ^ 

^ j t lia. «,*.*«» > I«A«& jjwCo <A3 . 4 < ««* « la ,« 1 la 3 i 0 < jL^I^L y 0 ^ ^S” l y] 1 3 j 

olf> jjdJ li^A->* L^-iiaJwO JuLl . jJJlS ^swJ _ ^la.Jl ^L*JL _ 4j1 

*L>j-*3 L >-1 ji i jJl ^3 oJijLJl 

^iUJJ 4.1 a Jj iJjJjJl ^0 aJIp i>- j-b j |t-lp jLS" jJ Uk? coU^Jl 

Lisa t >T olSL) ^ Jjy IwL J^i J^JI Ul^ L.li U^jl jJj .^>Jl 



^-"OxdJi ^Ll>! 4^wL>-P 4 U ^ > lp (1)1^ La^^J^wdL jJ JLoi-o 4«wiuj 

L® , ^-3 4^2_j ^P L^Ls-<ol kta— L»^ i taX3^ . 4»d«^3 3 3 1^* ^ | 

** ^ ♦♦ 

<J-<^Jl tolw^Jl phase transition j j . JaJl JliLt 

♦* •» 

^ dJUl .^\bj&\ J v^k3..Jl ^AiJI soJ^Jt 

Cl w ^ J^t£j (jl frL^-Jl ^3 j jJaJl (JliL)l A j<a« 
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i_i jxj . ( jl>o) LjLp j\ 4 ( jj^waJl ^y> o.ilp Lo) *>LjL»i j! 4 (juL>-) 

(>* Cr^-dJ t phases jl ji?^L L j^p- *LJJ JlSw^l 

aL^L. « *U l (J^>«-i oJJi <Jli» i ojl jj>Jl j ^p j 

• ArW- <dSLi 4 L*d 

jjiaJl J liol oLJ_«_p Ju*jsj jJ jij 8 l» * » ■> ll <^_jUa3*y I 4i>l_ol_>-l * IS 

Sjl j>- ol> ji jllp ^53 j 4 oU^JJl dij; ^1 SiLJl ^ 3 J^J\ 

•* *• 

(Jb> 0l5j * 1 j rd-s*^ 27 *J Ip 1 £-Lj Aj jL^-s^2jI 

• — il^Li-^>“ !*!>■ aj>xj>-1jJI d-> 1 *Lj^s *V 

Obk^i^L dibs' ojl jj>- caL>-j 3 ^j-L dJL>l^«L 01 ^^jlJI 

01 ^ cjli *J t o jj3 Ia*>IpIj oIp^~*JI ^ ji I *Vj 

** ’ *♦ 

^iA^sJ I ^ • 4jIaJ| k ^ Lj ^ , -?e_A_] i (>* ^ , -4 5 ’ ■^- *d'H ,0* 9^1 J\ jr ? **d 

j^liJl jd^bAl ®jij^J|)) 0 j53l JLs c ^-JsuJl jUxa)*>U LjU« 0j^p 

a-** ^LoJl 0 j_SUl 015 IS|j . <b^Jaill cJj ^J aJi cLa JJLa jlJ jJ ^^Jlp 

** « p, * s 

j-lp 4 lfl.-»J L j 4 Odj L. »UtoL9 4 3 l ^> *^- ~>- 

• i^>- iji>- 015 jj^n 

* f, s _ ^ 

t / *J 4 ^ t>^' 4^1 4 (*-$V Cr" <JJ j>-\j 4 l 5 >*J o^' J-^ 5 >• - 1 ®-? 

19 ^151) ,0 J^i 1^5 ii-jbU ^j^Jl orjAJl ^ 3jl^ 1st 0L5 j ji3l 01 

OLi OJJOJ . j*_Jaj<Jl jl^jti'yi -i*-; (1 aj^0L*JI <LLs4?1jsJI Jl*j I j ‘ ■/* 

3 P ^ 

0j5Jl ^°J obfe ^.3 L->>-^.->- )) A^dww-** (( 1 ^ ll )) *»bMJ>eJl 

9 ** 

A-b^? olo ^1 SjI Aj>-j 3 j 

A ■> la , 1 m 1 1 i— 0 ^^LjjJl IJl^J Hb J . Ig3 ^l)| 

tf s „ fr „ ^ 

jl>Jl jjiaJl olil>tfl 4 jLvbL <ubl Ijl>- Sj-Jw* Ajjlbj ^050 ^ g - - - ^ 

015 ^yljJl c-jLdAt 15 a 01 ^ La AiSlbJl j . 4 ^ jJ J5-1^ j0 j 

** ** ^ *' 

U j5 /^LxJo 01 0i| LI c-i5 . aL5J1 a5jL bj^iJu cblJlSJ j^jl ^il 

?0jjJl iilLaJl ^llaiVl ol>U ^ ikip Sjl^ U_^ 


5 e 
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PJfrAdCvll {jA ^^juu\ 


^ 150^4 L>- y>tA i$ j^J Ua>«Jlj y y£ J-*j 

** * 

1 j_a j «supercool» IU yu* < 4-<5L->Jl ^iL>jJl y 2 ^. y 0 j5Jl <1)1 

4j>-j 3 0*->tJ <uJ < lL s^L>xj -La J^JOJl JjLJl pL*JI cl) I 5 Js>L^-j 

01 ^1 liyu 30 y hrji ^1 *LJI JujJ jlSk)!L 61 *i!jJ ' j - 
Jil ‘Ojljiil f-i-* Or* j^rrr^ ^'J' Xj . j-r*^ -^'Jk -^rr^' JjLJI 

(_£ y>-l Jj! j-xj jlx 0#^ Or^kjj . J—LfJl ol jj-L jl>tAjl £^->o jl 

> 

ilJaiil ^ww^Lw-Jl JLL<J! J^-Ui - 'Lc- JaS l <_$* 

^a <0JIL c ^_LoJl j a +,& 1 \ Ojs <y\s^- y 

t<Lw Qj Ji c->! jla.,^1 J5 j>*xU <ui> 0^5 j ^ Jl J^® 

^-Ujl ^xt- ^Js- y ? _/>Jl ^ dUU . o_jx ^y 

. LgjL-* *Lj I ^3 4-Jajlll 

*♦ 

lia>- ^jjl j ^ ^ia ^poI Ja j c oLq-v-vj>«JI ^-L j*j> ^a Li-4 a^L^-p oJj>o Ji 

1 jJL > j . ^c^tkaVl ol!oL»-l y y 2 ^ LJjJ^- yiai>- J-^-> L*jj ^i<Jl ^ 

~ * 

£ * ^ J* 

, 1 5 ^ t La f y ^Jikl^- aJLa^JI o JL a 01 • ^ xv ^ 1 ^9 ol-k 

U1S Lo~j c to-gj' yNl £®ljj . o_^Jl j—Lf' ,y *a-«jI»«J1 IajUT® c~>-Ji 

Jjilij'yi k-iLliSMl oki k^ ok"^ <j^. jt* oIj^- ^Sj c Lo_gJLL> jljjcu~j 

. J, yjl ^ jUk^i j j50J 


slk 



JL43 


<S klS'j . 4jLij aS yj j}] ly>^0 

u 31 t oJ Jjlk ^ (_g JJl 0 ~jJ 1 lJu J5 ^ J*jJI j s- * — ai ydJ j~£ W 
^ •* *• ^ 

i_ . L s l l oU^L^I ^^3 4_L^-P cjt j-L>l 3^ ^-■v g - j Ji 0^* LoJ-alo LLLp 01 ^jJl 
1A jij . A jjj JLS 015 4 -oL1?j 4-J jJ ^i-p 0 -Lo2j 


J-*-Lt o ijj^ 3 Ll^c- ^ ^Iks^l oL^L>-l ^ Jil b*ip jl La 5^101 

^ ~ ^ j, 

^-L» UKj t ® ,, ^ j:s “J J^ ^ 0 j5^j L, Jj 3Jjs-1j ^Ja3 Aj^L»-I ji 4 a ;; j4>01j . 

s—jlki'^l oL^U-l y^i ^ ^La ji J-?-j jij . (ji'bh JLi6Nl 0 j-b»- 


(*) 
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^yJbl »3T> 


y 

( ^<*>6Ji 6i 6* L)1 * Ls^' * i ' w ^i ^L*_v^Ij L>oli Ua->- 

- -» tif 

jjJl ^>3 ojjiaj jl5 ^£jJl a^jIia ^p ^ ^1A IjSsAj !^3 ^>JLj L) jjLv^ 

. Uj i jA fJL LofcA^P 

aJI . ^i Jp jJLsi? oli^j c^>u 6LS* .jJl 61 <6 JLj^ Nj 

4j s jLwj>- LL** 6LS* c j-^Nl 6L^J 6^1 t <l^LJs> j 4 _*_$^jl> jJ?L>c_j /^_S6 

^j^aj — L$jj t A*j LL oJ 1 Oj ^-£-> °^L£ J-A3 C oNl -Xi ji Lai . 4*w^Jl*Jl 

Ji U jl «-^ r JL< J^r» : Jji ^ '-^ aJ - cSjA: ^ 

61 A^a I jAz >- ^ j^-j ® ^-wj d-o LS” 4_L>- 6 -Uj ^3j . fljjj 

•* 

• XlW^' V >* W ^ t^j^' 

^j-^-i ^»J ‘Lw^Lxl 4 -!L*»~o jUI ~L9 ^ji\ <\JL<>_C’ ^ ^ ^ o! J^s j la oL ? j 

J\ jl£i o^Jl & ^LJI oLJJ Uilidl ^U^JL J-^l“ t Jby hj^a 

^^LxpNI ^ JSLlJ! IJLa ^y> jijJ j! ^1 aJU^JI ^aL jl j^l 

#♦ 

. oLJJ 


& p ^ 


<L)i Jj>-J JLai ‘JjfcJLo <JLlsS\ jPl J^ 3 > jj OjIJJL a la a ; ll oi _A .Up- 

U>-U! 4 jjiLo 0 jUj oiLa jA <ulj^IaJ jji«Jl J - ' I 

** 

ULJ A^SJ 'y di]j C_JU- ^1 !^ o_iUJ LLlkc ol 5 tUiliJl 

** •* 

. 6 ji^i ^ j^j f-Lui ^3 9 -UlojI <JL>- ^3 UiJ 4 i 3 j» IwLo^ L (. I Ju'y 

p -3 ^ 

. JjJj>* ^Ll^jI 4J2JLP ^ 

61 jj-i Ji 65^^ . ojjl j_p <lpj6^_j ^jJl 6 Li j-X ^ i li*)L->-j 

*5 ^ ** 

^j-JI ^3 j^L6 c ^jjLSl ^jijstJ^Ij • 6r^° i^wii J^j>o 4 iLiiSl 

6i J ji* Nj . jl^ 3 l ^y> ASs^ji 4 j O^L>- L6p Aj*>Loj J^-i ^*>Lp^[ 

61 j£> j^Vl ^3 j! ^jJl 6 ^~L*jW I (J jJiz 3 jj L j jZj 2j ^tpli^Aji Jjli 

j^'yi <3c^ l 5^' jJl jA t LSj>- ^ . «6iJi J^LlL 0 NL« 

. Owb Jj>6l 0 j£js}\ 4 jlA>tj ^<iJl jALJI -LjtJl jN\ j? 



g-j) i<a)i 
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jj->- 1 jl o-J L«-® ^ oLj-wL^jJ! JlS" JaL>o jl ^j-Sl J^o 

1 Oj&^»JI c $ ^*jl JU j^-^-ll jl t aJLL.^ ^ 5 j^-l liLi^SI 

44 

^Uj-^3 — jtajjJJl qL<> */2 >* Jl jJJJuj . L^Ji_>- a-*j jUJ jU jj>* ^»JlSj 

U^jjlijj . ij^ - 0 j50l (vi t-j oUll^J' 

*-J ^xii j \ o jjiiLftJl 4jjX>tJl jl j-^° 

\ — «* 

. ^-Ji*jl jL>sj3oNL Jms^uJI j jjl j*-lp ^0 


aJj^j t^jj-Sj| c-uliJl o j->Lp y^~Jl -t jjL«Jl j j-SjUj 

*♦ 4* *-|_ - 

J ^ £, £ & 

j-^-P ^j-o jl->J->tji I J-A ^Lp ^jJl Jj-lJbl Jlij . ^ j-«^Jl I <JaJLp *»>5 C»-3 Jpo 

t ^ 

Jl oJwA J j_^?l ^ y^j . inflation ^jl^jJNl ^L > Jl J»l JlJ J j JJl 

AP v«)^^\Jl .}Jl<kj ^^ 3 <_ USUdl ^ ^ ^J! doU! 01 

** rr 

{j -* NJj t i^wL<wo ^jl^Jl ^l^JjNl 1 1 JL>- c j^S 

JsL*Jo I jSL&j . <Lob>eJl A-^wJaJl ilUill o ji 2 y >- jj iotp LwS” li?L li jl 

J J,ULJI fl I ^ iJUUJl olil^Jl J Jl liU>i) j JJl 

Lla^ . j^-^Jl j •*>£' ^3 j « «/3 4 ll j^J»>tJl I o j~S A>-jJb (^j j-^\Jl ^ 

4 ^ ^>^1 aI? o^LoJU Lo^Ss->s_^ j ^-S^-Jl ^I^Lo-3 ^ ® ^jLpxjsj^ I £*-*' ^ 

* * > ^ £ 

SU;NI 015 j jUa, jJjJI 0^50! ,>^o <uiJ 

^JUl jS ( 0 Vl L# >-) ^^iwjU^uJI i jLd\ 

jlj L^-Lp i L^LipI litX^-j ^jujJI ^ ^ L>jL>«-iijl ^ 

A-^>-^ju>tJl 0 ^ jjl J*<k_>sJo LoJj»- A^J>-Lj« AjL^-i j 5 JLJI ^wUjJl Sj j 3 

•* 

jL>tAj'yi Ajj-A wL-^JLwv-) jJJl j| . ijlia^Jl A^jL>- ^3 aJp j-i^Jl 

. a5jXvx .. hj lU~j j i <J jl>Jl 


; jLJl 


S c 


*Jf 

. ^y^ajJi jLpJJ jUp : amphetamine (*&) 
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^tLxioVI ,>1*33 i«JI 


^xJt iLjIaJl 4_LJJ| dLL y&3 . L) jSUl y^s* y» 4Ji>-^Ljl Jj>-I y*3\ 
iijJLJl ^*Xp ytUka Oi <« £-y > jJl JjjUxij^l O j^LSt 

J l C^jL>tJL>'yi ^iJl Jjp ^9 5 CjJLP JlS ^.Ja *Jl jbxAjVl 

Oj-5LSl ^-ojJLj ^JJ! j-a (JL^-l^-V! <j\ jA $, Jl Ju_>- ^) 

y j^Jl O j£}\ JliSlt jLO j . Ul>- 45 LL~j <jt jdl 

4-^-^-4-a ^j!^>- LL2_Ll>wO UoJ^o ^wL*-> OLS* La 

> * 4 * f ^ 

0>SsJl <L^S j^bJi L»^L>eOLa *i)LS ^^2.^.1 Aj^b^wQ ^*C- 

jl jj^ ^L>«Jj bljlfJl L*Lj ll^o oL^ j^ji AjjUtjaj^l SJl>- ^J l 

jl jJL^Wl {'XC' ^Qa^J *>L>- j j-5LU ^ jJ UlSLa j . L? 5 ^ 

* 0 jLiJi j Jj-^Jl ^L t3>Jj <1)1 ciLijlj ; ^»*la*Jl I olJ j^j 

jl^yi Ul ijftl liSbLa ^u^i ^i j^; ^ iJjjj 

A^« wU 'y I ^o| Ja^M^wjJi o La \j*5S j . 1 L* l>- ^Js* LAM y^ £jb\ 

aJL^oj . oL^LjJl ^Jj Oj^ 4_oL>^3 iJL^a iJ^Lwo a_>L*J! oJlS IS! 

jL^t-Aj'Vl ^SL>j ( j> ; ^^ j t Lp cLLIp L^ ji? ^1 ojj^aJL jji'yi 
- *• 

^ O-^J 'y dUS £-a Lg->! 4*j-s/aJl Lf'^ C 

^ ill Lw?l J JwLkj JJX_P . I4-J jj j-J ^jL>xijV! j*-A yA\ 

J^-LiJl <it>Lp Uji US' horizon distance JiVl JLjJJ Lij yC 

* * 

J^JI >1 J_w — !l >UJl Ijj. ^1 Am * wll . 1 ^ i~. I ' ^ P ^ 1 1 4 1 J . 1 ! a 

. JiSl 

> c(ol5 U^p >LL- ^1 j) P_> J! SI ^ bjj jiVl 01 >Jb- 

. ^ .-i a ai jbjtAjNi a^L>- 0^0 o^j-b*emo aLwo *ja9 jo 0 j^o 01 0;^* - ’ 1 a ojs j 

'-^ ->5U 'Jj* > J5 >L^ jl JliT Jl >01 0 >J1 1>^. dJJjJ 

W ^ M 

J_phj AijjiOi pUia ^u ji jj-^o jLo a^aji jisNi iai^ji j>oi 

o'yjLmd t^L> JpU; ci->^l_p- >1 Ji Jj-v’jJl Oji 

** ^ ** * 

?4jLL> i>|jj ^ b jia JjS?l b jlS* ISLJ I JowJ ya 



II ^9 9 ~ 
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a!L>- ^5 aLoLSO 0 <JjJ>0 {J^ ^1 j-UVt <Jj£j 01 ^J> .JsA) UJ 

♦» *♦ 

. Li^cJl^_3 \ ^j^Ji}\ *L>-jl ^3 Ajjl^-'- 0 Ajjl J?~ 4 S>-j5 l) diJbjJ t iJL^I>-l 

*♦ 

Ja-»lj ^ O 1 ^ 0 ^-^-ja.o di-ta j-il 0 j^-!i 01 ^1 

** ' 

jU^Nl ij* >1 ^ _ J.IS3I *l>Vl ^L ^ N ^ r> UJl . If* 
J\ t o _^JU i-JlJiJl JJUJJ jJijiJ! Ja— jJI ^ VI _ o-LiJl ,*Jk*Jl 

L«L<w o J j>- 1 j ^ja\sj aJL^ax^JI jji^LboJl oO-A JiO ^wwv j j O L 

j~«*J £. Jl 4 J la A,<g ^ lOjfa 01 

M cjl oA u ^/\ y J n3*k>l 

Jjk jiSlI ^ JuaJ, d\ liL. U ,j5i ?SJLi*Jl ^ jiVl L. J&J 

Jpl jJ? j ■/»♦! « IJLftj . ^ ■ \k » I ' jLsxjJj'VI -Uwo f- j -i a. 'I I g « la 3 ( _^-H <LsL~w«Jl 

^ £, ✓ ^ p 

4-o j_^? AJ^o CkX^-l^ Abo 0 j~*±S* (^OJl 0 j5JJ ^Ja3 i- tf «/? *? 01 o^ L «wO>gJl 

i 0_A La . oA>-l^ Abo ^ wLo ^lp * ^bil A^Lww^Ji ^Aj C o-L>-l^a 


?LL; 




> S5 




iNl ol N I . UJI dJl^P ^Jl iiJjJl i^oJ! ^ | “S l~^l i^bVi J C 

*♦ 

laj^i 4ia.tf.> IjL^pi ^L-wu>Jl Oi oL>“10^ ^oj-os 0^5 

. ^j.la '^ 3LQ ^d <^i ^ ^0^ 01 ^ l jiiJL c <P jla,S^Jl ii'Lws^Jl 

** 

. Owi->“l^ 4jpLo OtoLa LwOl ^3 ^0^ 100 A-P j^vJ Ltfjl-o oJJ^ ^^1-P 

dJUO ^3 JlS (^jJaJl 01 jJ ^ 100 ^ a - 3 JjLJI Iaa 01 

. Ui>. jia jLS 100 ^y> jS\ a \suii j* asLvwJ! cJ150 I 

^t-*w jyj 01 A^J3-wA>- 01 *• ^0 Uj j-o I-Aj jl? j j^ . -. /? ■> J I 

il-U- ^ylp j^Jaj Jis Durham O^J ^/•i.^- a J?> *j&-j 0J • l- 1 ^ 

•^o i^UiJl lil^J] <jl ^ y to^ki jl» J_^ 300 ol— . ol olil— Jl 

** 

. Ju^o 900 0 j-^o Ujj aJl>- jJl ajL^j jup 
0 ^Ju 15 asL-wo jJ * y«jp \ I O^^j L<oj t Abo 0^0-> 15 bjAS* 0 ^5" ^^3 
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jJLi. Lwj 43*Alajl 4 ia.flj 1 <LsUwoJl d)l 4 .+— la *J I jL>«jJj'yi JUL« 4 -Jj yqs <C— * 

^ p. ^ 

oLL> y^ j-g-bj yJl r LijVl oJ^aj . <LJ j-v^ <uy^ 45 j-^jj 

^Lj ^]L>Jl JjiNl 33 4 4-vC?l>Jl o j^UaJl o jj& yo . 4-.tf.JL>- 

. ^oLwJl ^3 yJ! c31jw?I 


^oLJ <y horizon effect yiVl 5 ylU y y>- yo ^ JpU>Jl ©JLa yS3 

^iyuJl jjAiJl y> j* S'! JiSfl <1)3 J-*jiJLj jU*3)^M 

. yi^ 333iwo y* Ll& y c oUjJl Juljjo yjiVi y>t->“ ol 33^^31 

t ^JL>eJl iJjlJLa ^^UJl y& <1)13 jyVl < 1)1 4iJLta yu*-«y 

*• w *4 I 

^JU! JUJ! pJl aJUI f ' 01 Jl 0 ! UISC^, JljU -ulj 

- > > 

L^o J5” yil Oy53 Jij t. 'jx-*&\ yiVl <1)13 y>- c y3 3i« 4 J-P OolS* 

> * l 

0 j^sAJ -t y>JuJl 0 4-tf-^g )l jj-3 3 j*j • y-'yi yil ^jL>- ^ jJl 

im 

4 ^Jllalua oV utlta 4^^131 ^y yUl 

4 * ** *4 

/ ^ \ f. ^ 

. I^Lp <y pi ojlA triplication effect «y*&Jl <Jl& LaJt» o yli? ^ yr y 

•♦1 5 

> jj 5Jb- Nl ^.qj 'li <L*JJi^-«Jl 4 ■ ala,,'. *> ll O^i iJjJi ^-°J 

yi *iL~Jl jV ^jUi;i (J-y *JU- J c4L : Vj t*>Lu y~i* 

|j-gJj . ioL^j'b/ yJl *Ju JOj 5JL>J| 0 Jla j y p- j-sAJI l ^ ^ la 

UL^-I — jl — ^»yJl o jA U? 3 ^^ *>— .^^1 \ 

* # i» 

«, UU: iiij o_^J N ai y&j t superluminal expansion yLiJi y j^ll 

*• ** 

jLtj. ^y — * j-s^Jl ol Lla s y» c ^>L> 4 L^JI 

4 ® I y® ^ yJl 3^ 4 o^j J j>c^o AiL^o J3 il> ft y^ Li3>a V I )) 


yy N dUo t A.lg.A> yj| ^JL>w^l jl 5 oi-UL ^Ja.><Ji jl^p <j ul ^xv? 

3j .jL^sjVI -Up jiajij yil Ls<ajl j*s*ai>-l -ii oi ^iljJU . aJI>- ^y aJlS' OjSJ! iji 

. jS' Ia^jlp <1)1 (_ Aj>*}\ d)t^J t 4 jlLj»- 4Jij»xJ (1) y^i 1 ^jlp yp cJL* 

. oyai y^» i>a>- aLujj — y y>-L> ji oj^.a> — ys^/i ois 1 jL>«jijNi -up’^ 


(*) 
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ikijj * j-saJI ^UJ, ^ aJLs^LaJI iiL^Jl ^ JuI^jN L. Jl 

jlS aJu 5U ^ yJl jy j-oJl o ySDl j| . Jjjl>o3j , Vl £*j* yJl ^uj IjlSv-aj 

iSL^i^l <LSL>- j jSi Jl y-a |j->- I \*y>- ^jLftXj'yi jjJl J 3 

OwLs^l jJ Ji o j_$o jl jJ?l_La j^Uj jl5 La j causal contact 

olJ Jj>cj La 4 -^-JLj <—■> yL-*>L C O.A>- ya ojl y>- 4->-j^ ^Jj cJw^JJ . ^ y>- j/L L*> I Jj>4 

* 

Sjl j>- 4->- jjli ^Lo C5^* ^ yog>dJ jL>- jJ>-l J .SjL *La 

y^o o j ji Jjusj c-w<jUL>o jl5 a^^L>jc<JI o !l <ia3 jJI oJu& jl . 4 jIjj>-I Jb 

j jAj 45 Jl y* jS\ c^LjVI ilsU iikwa Jl ^jl^ijNl Judl 

'Vj j g L> > N ^J-S^l <LlbLjLa jl ^ yJl L&J^J ,L? t »,«■»„> N ^yJl 4-o y^ 4Jwk» 

<* <* ^ ^ £ 

J! t>v' ^j^rj (*^» ^y*>LS jb>~ yJaP j1^bj2jI yo LwaJ-w*< 1.4 

jjJl y_a oJ--w>- j 4_yl_?*- ciUS y-o Nju LlL?oI lili . ® jJL+i#)) 4.,la-P»xJJl 

. J^l ilSsJLa J*- ya LSLajJ SLllJl cjoJL>«Jl j y$4l ywP J 

** m 

t i 

£_j jjJ J i-JbJl i^jjJJl ^- g-i flatness problem Jl 4_L$L*L-4 l»i 

yp 4_oblpl yp y^ 2 jLv£L>- ^y y^Jl OoLJJ jl LL>! lolj Jij> . ^jL^cjSjNI 

V* ** 

4»^>-ljJl y_a Jjj JL o ^4 4jL tf-yt? jy>-® ^ 4_— a j-Jl UoLw>- Ol 4J y*-> La JS' 

j! J J^4i iJ yLJl ^ya J>A LL<J diJi Jl y* j t JiiLtJl 

*♦ 

. oU JL* J, Cik; N 4X50. 2i\£ 

yj 1 4^J-p J>"l^ l^| ®>^LoJJ o^L>-<JI jLSjji'yi 

S ^ y 

^Jp lLL!^ ^cyaj Lo^J . L^)b>-IJu jLLo^ I L^J L) y->t-aJ L>c-JCa 4-JL^Jl y> 

o-jjpLj» bU . o |» jL4j ^JJI jy j^Jl jLjJI J^p c <u/2^j>c-»Jl SjJJl yslij 

jLJjl ^ Jj-I j t>Lf- -^lj ojl-LL^ U_>^ 

J-P^lj ^»l J" J-b" jJjjJ (JljLa 4j| . C-jLs^ 2-JI < jl 43115' C ^ *Js A >o 

jl^ UJ v_o^4 yj. JXJ .1^ <uili5 o! VI 4 jLJJl ^ 

. yf^^l jLjJl 
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^ U1 a"" 


jSj-LS" 1 lILaJ ALLw® <— ij j& Ji!a5 ^o'yi 

4 4_-*-Sv-« jIa 2 J-A j 4 ALAJ ^ JJl *_>*J>sJl *L>-jl ^^3 ( jJ» 4_*-*5\oj jXa J^SAJ 

** a# * 

i jH\ tpt ^ A A o ?^ ]x *^ j* f'AA 2 j c~>-> A 
J5 ^ oU S jJLSAJl (J* 3A*Jl ^5 IJL.V O'* *A i - ) i • f AA^ 

isliaJl jl JUL£JI ^ 3 ^aj (_A A-?^ <0^ ‘ 

«• v— •* . 



o jj jAo o jLo IwLoN (1)1 ^j-P 4JAiL AoLapN I j+s* ojjfc l)( UJ ^JLaj J_£ j 

£ J J» 

U ‘uAJ ojj^2j 4 ASlkJL oAoj IXaV A* £*A' J-^-m A 5 " 4 A 

A A^' jjAe ^ or^ A AA • A iA o-* AA 
«* ** ^ «• 

Ijj>- <JIp jj y> 0^3 4 aJlA-IjJ! Iji>- l.i L«Lg_*^j Jaj 

j^lli £ £-*» ^JJ jjil j*o3\ yS jl II 4jL>- ^auj^J jjj! AiLL? 

. U»Uw ^oaJI ^Jt A**o *J 4 \jj*')l ASli? /ya 4 _j&A?*j 

jj ^ ci^' <j>aJ 1 yb A-oLip'yi o^LJl j IjloN jJL- ^jLJI 'a* 

^ y/i a i d)l C. *■«■!-) [a Iju^ ^j-o 4 Ja»*A 5 jtf 1 ol ^ OobJl iL$bA« 

♦♦ *+ 

4^A ^ ia. i i s^L^ji ^-y<^ ^JlS" oi ^ ^ » a. a ^A-Ji Loi . ij^o^y o 

N | OjSsJl L« jLp j+aj . olj 1 Ao'y As liS ** A L a ' > ” j ^ 

•• 

. JbSfl j j5AJl 'jd I iJuaN 

i 4 + 

d)lj j*j L>-^lxi5o h ^Ja.*,M," ll Ai-^bA^j a j_>- jJl ! wLo'y AJL^-wo^ 

a AP AlSlAAs At jAAj lALLjAj . ljbo*yJ j\ ^AaU 4-^o^b>eJ ApJj 

3» * S 

A>Jows (j ^-^-> Ai A-^L>caJI “Aj ^ - ^woJl (1 )LoA>j-9 ^o O j^ 

4»LAsAJt ^iLojJl d)l wA>- j jjj . (Aj j A-wA LsAjI ) ji j' 

^ L^4j jl ^Ji ^ajLap jAS^li jAS*l AjI^a jj^aJI 

«4 

Aj>- ^Jl L^o>-IaA->1 ^3 4j>- jIjLJI ^iL^jJl . o jAAa p. ^la P Aj^L>- 

^ri ArA oA^' Aj • 5;iLa t>* A - 4 (»A ^ jb Ai A Ai 
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<yliy VI <fll 


1 jJLjd yi^y iLLwo k_j_j jb yi s ; IjLo*V ^ jJliJLS y'yi 

4 4-*-*^^ j^A 2 J&J jJ-j-j ^ jjl frL>-jl ^3 1 \a 1 j" a 

' * (t * 

1 eSy ySfl tX X jX pj jy lj -°^ jr* f'XX 2 -! c -^’- 4~ X 

IS - y oUl y jJLSsJl y iJi*J! > 1 p (_$ y>J IjuN y 


olkJl jl ib£)l yUoJ 




JCS- 


i - 




*• 

y 


- r. 



0 jJ j3a oLa IXaV jl 4XiU 4 j3LxP^I i«JUl oXA jl U ^JJi J XS j 

La 4Xb o j j ygj c aSOslIL oXay IXaV ^2*3 Ja. a***wu tX £~yil J^JO 4y- 4U>- 

y ySll jjXi ^ y y yX • » jr^> ^ «li> y X X 

** «• ^ .1 

4*>-jX IX>- JLp IXa^/ y y jU c 4*JL>-Ixil 4l3lia y |X>* I 3 jX>**« Lal^aj JfljjXJl 

♦♦ 

^ J^i! y^Jl jdJl <Jl>- ^42jJ**J ^A_P jJ jlJl AiUa JwOJ>0 

. UUj y2JCS\ y jJl wLsJ y C IXa^ 43 Ua y y> ^JlA>yu 

jjy (^ 5^1 c£^l ^X^l y& 4j3Lxp % yi oL<»Jlj IXa^ .j jp° {^LxJl IXa jj 

^5 1 Ot jxJj La IXaN ya 4Xxj> o j\j\ 2y>-j jl ^ y j5j| XollS! ilSwa 

** *♦ 

4- r *~JaJl ioLJ! 4^^S” J^S” jl £-*■*» jdJi Ul . iXo'y 4^3 o j-S" 

La <1 )Lp j-vwJ . 4 y\j IXo^/ 43 liS" 4 LftJ^ jJ 

♦♦ 

. JjV I ^5! j ^Jl ^1 tjla^ ^a 

^ ^ p, 

jlj j-J L^LlLSo *» 4*x 1 l 4_L^L^W^_) 9 y^' y y ^ IXa^ iJLwwwa j 

£ * 

^XP ^ La - . xJ I iLSs-Xa Jl jX JJ XLUJ J . IXo^U ^ 1 ^y jXJJ 4-*-^5 v>«J 4P-Jj y» 

f ”■ ^ £ 

4-> r la « -s< a ^) 33 AamJ L^x-<v^J I 4*o i tl)LaXjj3 ^3 y*j> Ojl y> 

4j*XoaJl ^olxJt jl X>“J xij . ( 4o j jS y*S> Lv 2 _)I 4j>- jJbia jl 4 jj jl 

y I 4 - 4 : ^ jJJo" jl ^1 c S ;yj ^U ySI L^> July, j^oJl 
x>- L^j>-Lxi->l y> 4 j>- jjbL>Jl ^oUxll y^^Jj . Sj-Xa ^*JXp ^xL^Sol <j 3 L>- 

XX jX 1 ^' 4/-? • t>“ X- 4 pX j'y Xi 4 /X U-Xr; 



£^juaJI 
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j j_$sj| LaLiJ LdlxJ^o Lw> ^L^l jj-S^j ^ oLJl j^J-p ^ ' 4 ‘ ^ ‘ I J! XX' 

* ^ (J^* j 


lr £ 


,1 j! 0^1 J_£J . UUijjl jl J~- yJl jLSobU S_^ jU- oJu» 

•* 

^■iL«.:ll jl dJJS t JlJ aJI Jj^iaJl jJ <+-&* y^ l oNl dLLdll 

ioUptfl S^Ul ^1 apI^JI LVtfj ^^iJl A^Ja; jULcS IJL.N j 

L*_*3 IJUaN J ^J_A> ^JtlSl A^J>-L_<>Jl jLi Lo ^j^3j . j-Sv-ll £*<»> J^l A-J-o-P 

?^LlwwjJ(j OoliJl ULwa Jp-Lio ol ^ — a*Sj ) 

^j-ii Jl i-pjj^i ! ^jJ-p ^-nA-aj ^ ^..^Jl j*>-I jl o j-S* jJl -L>-j 

♦♦ ^ 

JLHjJj N ^Ja^w^Jl j j53l jl j^5| . 0 l^°N o JA) LgJ Ju3 N 

IjLoN A^-l J^o ^3 LI . A^CwJaJl O^LJlj jJjJl j^d ^1 j-v^Jl SJL- ^3 AjjI^J 
^jJl j j-SsJl cLUaS'j) ^r\a . «> <> ll j ^SsJl jji^> t L ji?- ^^>L>sJl jiJli 

«* <« tf jl p. •“ 

Jm ji? J^P %0 Lu>^ ^2 J jjjlll jlSj jd*JJ * d$L*Jl (ljj>V A*i 

^ S> f, ji 

S^UL ^JdJl dJJ . A^jx-^JaJl ioLoJl (_J^ Aj>“ jw\j t ^xJl 

> tf «* • 

jjJl i^JULPxyO J^S- e-^jo L« j£j>*-a X~JU C~9 jJl ( _ ? S jj^vJJ l . ia l| 

. J ^ ojU jl ^1 iZ\i 5^U Jt. t li^tl 
jl Jj t wlj IwLo'iAJ 

U^i» 1 ^ l»2 1 *|»H ) 4-o3U-i>- Aj j jjll5"uJ L«Xj1j -U-Lj jJb J^l ^jLt-iJjNl !X«N 

jL_ 3 ^jL^JVl ^ yJI \J Aj*}A ^\ U5UJI o^LJl «jlL^» Ljj^ 

w s # 2 

C'L^jjl wLlp aj^Ljlp! oLo ^}\ *,h i cj J-^ 0 IwL*^ u jSsSjl* I^Lo^ ajj 

^ jLJU^o ^ A-jpli l I J^U ^ Aj J JJ LlS" jj I ^ j $ l a ■< > ., -) I lj-A ^l,iL . Ojj^ 

P ✓ Jl 4» ^ p 

• L<jUa: ^1 jy>S\ ijJu" A»x». ^ ^Ji O^X-A *\-£j\ X^J . L y>'jjX\ jJ>J ojl jJ> Jil 

Jj>Jl AJww3*lj IJla j . j j-^Jl ^L-Jij_ J fi^L ^j| WjjjLS'jJU) (Jjj>tJoj 

. jijjl o^S ^ jXji iKiJ iA-JI 

^ 4-^jJl ^yj . j : \S^a j\ JUjc^L ol* \j~0 ® i '- c ’i cJLi ISI 
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i*JI 


4 jjL_JI €^j\ oi J yil C Jj£s\ OxJl J ^UaJl J UiltJl ^iUaJt 

*• ^ - ** 

A^lp ^j-LUj L« 0-J^>o Lg->i 'V I 4 OwLpli aJj!^-*-* OoLp w\j>“l 


Ioaj .( 1.6 J_£_o!l 


r* 


I iLJuJl 


iaJLs -i?j ^JO> 4 (^jU>sj2ji JJ ^1) 0-3 jpa iOo'V ^1 ^JL*Jl>- IJLo^i lojJ 

j a & £ ^ 

. 4— jL&>t/0 jS* ^jA 4 ljl>- (jLp jJ y 1^ lOo^/ O 

dLi jl5 y \j <.Jjj-k \ajJss- dlo ^ J>^i (*j 

p ^ > p 

<1)1 C-5^" ®'^ > ~ ^ A-sjIj 0 (J^Jxll f'lJL ^1 ^<0 1 <1)1 Lg-3 ^5"^ -A3 

.1.00000000000000001 j 0.99999999999999999 ^ L. Lx-^jl L^J ^2J 
jJjaJI jJl ^*A>- I j-Jw^ IjlJLi. ol 5^ ' Lo oLp a 

6<-Lp 4 _oS1) L« oJl^-I j 4 -oLj o O j^JJ <0-^3 ^JLj 0*-*_>c_> 

p p ^ p 

Ljjc^l j jLi-s^'yi ^jA j^“' o>L>«-iv? oOp <woS 1)^ ,0(o^L*— oil ^o o>L>«jLs^ 
Ijl>- *>lpli LjJu.1 £~i > jJt oL? jlSJ . ,1(1 C5"H 

. A_lSvJo J^>J Ja-wa3l a^>-j^ jij j.oJi 

o^L* ^Jl $ ^oll <j jSCJI ^Jj>t ^., yg ■> ajL^j 

^wvu2jj 4 O— 3 j-o-li OulAJl 4 aijljj 4 ^ycJaJl jl>dl jt-JajJl jUxJk^l 0^5 

aJUiSU ^UJI ^IkJl ^jLoJl JUJI ^yS Jl ((^oalo^^D) 

lj-o-1 ^Jl^J jJj ^ la ^Jl jL^aJl c-AjUOuj .ijiUfJl 

‘ sJxji _^o y \j^s JUT ^^L>tOa (J ol ^J Ls 4 4j Uj-^ 

^Qa-o O^Lpj . SJl^Ij iaj jj ^5 oSf! 0^*0>l wii A-L^oaoJI ^jliS/l oOa ^p^j>&3 

4 JjJ*3 jOk 'y (L^« Aj>rr.lg.w,^Jl) jL^cJljVl ^iL»J ^5 O j\ jJt ^JLP 

AlP A^Lp ^ jL>e_i3_j'y I ^yi y 6 J j_o Lo LaLO O Jflp^sAjl JLfi3 

J^iOwo aJLp 1 Jhj Ji 1 jA\ yfclliA i^>-l aJ aJ^I jjl jJt aJ^N j 

*♦ *• I 


. 0 




IjuN ilO ^ jJl ,J ^1 SJl^ jj! iloij 



148 


1 1 4 C.j ^ ,, ^ya ^^jlu I 



* £-Li_>l < > jLs*. j) A X J-aJ^Jl <Lj ^1_uu_a L^ojl » 1 -a. V Vf- 1.7 «*» 

** **$ j ~ J 

.qJo < <0.11 4 K A r> Ijjfc dJjjJi fl * t V' 

j5 JLjU JL^“J ISU . U X>- Jl jjt Ig-JlP £ yu ^ I c^UvJj 

£yS jJl*J o^xSl 5i> ^UJl oSLJl <u ji j ^JJ! IwUN iiU^! *Jb 

ixoN 51 jjbji £* iJub .^u^i ^^soi cxbii 

Jjsuj . ^*JCj ^ 4X*_* A^wvXj 4JoU jjJi 4 ^Lo-P ^3 ^JLo (^>2-JL>cJlj C-AjIjJI) 
£_*-a> J-J l Jju CX9 J (jjl ^3 O j-SsJU xi LjiXb>- IJLo^I jl ^Ja.>gjl 

* l£ 

*♦ 

^Jl5o tL^is ^ yi-ty j^JLp X r l>J ,J *5yuJl jgj 

jjL^ L>- ,+.Ja*Jl jU^Vl jL*Jl wL>-L> ^UcxNU ^Jiaj Xj jj>tJl A^j>xi jjxN i 

«• t •* 

£. p z' £, 

J Jj^Jl _^u W<uwi; JyJl ^1 v_Ji ^\j^\ y> l-i-Aj . »j^' 

1 «« «• 4fr 

iJJij . JAAi J^-lj £j*^— " 'iM Aaa j»Jj 4 JT^ *'-? "*^ (J"i 4 L*L»J 

. o IjiJl ciL- ^JJI di^Ul jUJ^I y» 
yjT bjS j! \jjA JlJ>\ j~s» I X yJl XU jl*l jl J-J 

y*«yJl lujLwwo yp ^ 

^ cy'-'v olS' Oj^J ^ijS/l ylyiNl ol 4ij .^J^Jl 
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Ji oj j 4<u**’Lrf*yi jl>- 4jl ^1 gj V i4iJi 

^ L« \ j^sS jl L £>- C-A»w*>^»Jl cT°- 9 * 4-uLgjJl 4Jo«-rt-v^ JL>o! 

-u^ jjjl <^i Jj k^kJ OyrJ-^i ^JJ! dbJjl ^)l 

* 

I-G6 AjLJL^S'I LiJ 4 JL 3 jJl ^ws^Llljl 0 ^w^-vs>c _> jj 

. e- «* 

L^s ^tjj )} iSL>tJ *>Luju IJla Smolin 

3 £, 

(J ^A^Jj-oJl ipjJl e j-A ijl ^P . e ■ -*> nil ^^_a.L>- _j 

Ciy* JU Ji SJbJbjJl UkJ! O.-^SI ^ jtSo <.^jUk;N! ^ jL j 

. P M 

. 0^>j U yjl ^jJl 4itl^l 

*• 

J/ 4 ijL y* -H N t (_£jl>«jSj'y I <5jl~w« ^3 i al . V.SI Lj»y J 

(_5^ i-rj^ <\jui>\ ^ jJ^j, js\ J JT ^jS±- 

* ’ 

** sr « /? < » 1 1 hA_^_^c_ll C» ^L> f'Lfc-Lp I *A-A3 . ^ jl^. 1,.,-fl,^*., 1 ^ a 

J>\ o‘\ J>\ t^JjSfl jJl ol>^A. ^ J-lkJl (>i»lj-* 

** 

Jjj I j*-A o j-&j . Njl 4j>- U _j w o j_$CLwO 


Andy cx>- j-Jl ^JjL^j Paul Steinhardt o^jLfJo 

**•**» 

<\>H jL^oj • LJ-s- ^L*»l ^giL ^ gSl iSUbT jtJ ^JJt ^^^Albrecht 

The Inflationary ^yS\ o I ^1^5 jJj ^ j-? 

U ^ lj^_^l ^LJl ^LJLJJ j j-vsj Universe 

• jk° i J^>- j}\ \jjt *&>■ 

ogL j5lui r ^ji ^ jd\ ^suj oij 

jA U^l>- o^UJl ^3 ^ jJl jlJ ^J iJLpli ^51 j>-\ 

^j-5Ul £-**> jJL U j Jg>Lu- ^ l Lr^ Inflationary ^ 

J aJ^jJl L) (lwLa*V ilL^a ^Ljli^*#L) UaJ-S" io iSLSl cj I , L>. a , c iL>«jijNl 


'Si i 


HI L*j ‘ j*J oj L ~as- i jl <ujIp ^ya jJH L_fcJJ i_iLk (®) 


•“^ jr^ 
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ol ^ Jjl oUj>JI ^ 

* * » * ^ * #■ 

. Jfl3 o*I-& i*Aj>- I 


c-JlS’ ^Jl 4 ^ la.2,11 jl s I L^jL^J ^ jj^a^l ^v£? jJ j 

<• ^wo2^_4J>- 4 »u j 5 Jw*J *J 4 J_£3lj ^ J-^ J^Ai J t ^ a ~ A 

** ' ^ # 

£oU_> o oi o^13^LjL<>ji j-^Aii i^^^ i-v^i ^s^y* 

jjf ^ -L? ^3 4^ ^-A^Jl ^ (j^SsJl /*-Lp .L^iJ! 

•* «• I 

l^J6 JLJ ^J! jUJ^I ^Jl Jki c^jJu ^ J . ^JaUl oLaU-^ J j\ 1 
(J jjLfr jLxJ^l o*L& d- 5 JJLl . jJlSI oAjL^4 J-»l j-p $ L^j! ^Lp 
jliftl oJU >o bjg Lfll I jj^aJ jA\ O jSU I oL Jeu ^ c*ULJl 

w •* 

x' 

jJl ^1 p l^Lfc d)l <LLS ^ j . ^jwL-oJl ki-pljj OjjUo 

^-^^-Jl l_S" Lj La-S" LwO ^ JL3 jJ>- 1 jr'jw* J-* <US\J 4 ^ jL>*J3jN I 


. <U3 


^3 U? ji jj* l */3 >c-J^ Ja3 ^-s^J pJ ^Jl l)[ ^ (J^-fiJLj Ljfc OoJj>xJl 

^--o! j£ | jSj^l (1)1 4 Jj-yi ^ J* J-*-> 4 *UJl*J| <*l*-<-L) ^Jj . ^Ij^iJl Ol^-^ 8 

oJlS* 4.^-j^ ^Jl 1 jjt\j L>*L>sj aI^Lp ^jji>- (^jJI \ 

A^s^JbJl SiU^aJi ^ iJLio j-^o J^s) ^uSoj^^ll oU^.L>Jl Lg-^s 

jl jNl diLJ . iijllll L^j^l j5 ^Ijlp 4j>-1j 3I ( Jjji? 

** 

ojUaJI SjA>JI ^5o^I JiSfl ^ ^1 jl c^.j-k jkJl oUjJl ^jJ 
. IjjLplJbj^ 1-^— ® 'y* oL UwwvuJjI >X>tlj L« LJLp 

ol jl>bJl] ciJLl . I .» */3 >tS> 4_j ^IjjlSNI j\ ^iJJJwj dl ^ x*. z ) 1 c ^ww v J ^->1 

Lo j 4 Ai^Ua^Jl jL>-Vl ^ L>-lj>tJ (1 )j^v£2j ^jUI ^ (Jlfy* J-^l 

*• 

^J_P 'b/l ^LjliaJl ^-’1 01 *X*j 4-L«-P <Ljj^ ^jjt ^\j>*-> 

.kUS 


l/ 4>H ^JJ *4k3' <-Oj^ J' 


- " 
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JuAri V I ^JoLsUlJ 4-^JI 


. <L***>> I A^wjjj ^jL^xAjVI £--*> <U*jli»“ i^J ^Lo 

4 |>— 1— £"" ^>^L<iwoJ Lp L' O — *— ^ *~ 1 J^*.A >^». J 1 3 I ^Jk-ww»vi_l 1 J L^ L»ww^m3 Imwww^^ 

JJL*Jl ^P O-Laj 1_AjLjLpL> 4-s_Lp *. 3 LjLxJ *^AJ e^^jL>x_<>Jt JuS” C^Jl*-JL*^»Ij 

! JL^ J* > 4Jlsil ^oljJi 550JI ibU > 1 ^ ^ 






I I I I I II I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I II 


4juj)<rS't Cil^juail 




&Xui 




jjloI ^JL o-^-J io-Lo ^j^o ^J I Jb^o aL* ^>cJ jl*-> ^JLp 

Ul^- 4-^i ffP 4 ^UiJj 01 JJ 4 OJlS J>\j\ 

0*3^ o^ f-*i '-rrr^' yr fl?^ O^* '-fr'^dJ ®-L>M' W-* pr> oU l'^ j 

Or* U-ij* <_^i • WPj-* i_y* oylwJl ^S"L-aJlj Jj jiJl jl£~« oL>- ^ 

•• ** 

joJOLi ^ — ; ^Jl _ jil^Jl OIL- jly; <, Lbloo j 15^ L 0 LLJI OjuJ 

tt 

> £ 

^ 4 : e o ji jJ ^ ^liJl ^ L-^Jb-jjLb^j jl5LJl IJla j JLjjLL^Fenlands 

<J| oJ-ol (j^JJl j-& cLllS . s j-o onAjJ^- jl^dL ^Jiaj^JIj ^oj^Ul 

U .o>Jl i-UJ 1989 ^iSt/JjMl ^ 

•* ♦* 

3*^ Or* or~J ‘Oro* Jl 0*V ^-.r* 3^* 3^ Or* ^ 

oLiLJl SaLcuJI JJ*>Lj LK L~iJ SjOJI cJijt L^cJaJl . JuJl < J! h Jai 

. Fenland Polytechnic 

!.ifc o j^p ^y y . jlSldl jp 4Jaix>^ _y*lJLo j jiJl 'Ip JjoSUtJ 

♦♦ 44 Ol 

JjA>- £ ** L— a!i>c^> ?c^ 0 *H 

- - * -**, e 

**LUl J 5^ — oJi y^LL. .bOL-l J Ju J> ILl. Jb4 ON I ^\)j . (ij^-* ^ 

•• 44 

• Jb~ JS o^ l^Laj} JjL-L, ^^50 tOLOJl ^1 


J>r* Os^-* (T-Lrr*^ Or* i_^! Jy' cjS ^C>x_.'Nl J-cwJl 

** 44 
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. 0 OwXj J w>xj! j-bjilJl Jpl ^3 4 4jjjbc_*jJl jL^3^I 

j-* j-* <^Lo\yii\ -U.P ^ — i-5-j N Lj-J 

^Lp :>L^yi Uap 51 ^3 jl ~lpj ill^A Jj* Jb! ^1 

jl ^ ^j^jJ3j ^3 4jjiJ| aJLp 4j>-j3 jl^jjl l ^ +<P jJ3j ^jl dl^l-LIl 

•• *• 

^ c!^i L$r~^ i3j-LJl jr* ^^UjJL JLi iJlki^Jl 01 ^ 

•• - «• 

C^oI> jl 0j-« <U b- jl *y^JLo I j^ol d-3 ^ +/3 ; _J^-*_>t_) 

‘■A r ^ 0>-jj ^ AA° j^ic- jlaJL ci-^i 

4-bj» IjAL ^ oJjbVl |»la^o jl ^3 Vj ^(jjJj>*j ^J \xS jb J ^woJ>jl 

oJJo IgJl • — a j' s^lA AA- jAi ®jjj-^'-; (.s-O^ j-o-*Jl j-« 

- • . 
f> * 

jb-*jb-J ^3 cLLI j-A AjbJl • jy£ b 4 4 j> *-oSs*u» L^-b jj-^Nl 

i>A jLAA (*-J t« ( _^JaJl dl;LS0> ^ dLl <J cJlj 

• *-i^l» >* '■* jAi JAA 9 jA* OjSO J*^' 


<u ‘-jZs - 1 <_A JA— cS^Jl '“rOUJl _^a dUi 

01 Nl . Oyr c-JLx <ulS <_A J^j d-^-LS’ ^\j^> _ r J» Jd»j ojLiaL; 

~ * " 

#♦ ^ A ^ ^ P< ^ 

OdJl olfc ^A AA 1 dA • AA AA J*' ^jr 4 ^ tA J^.j^ A“' A i '^ 

5j jbl jjo jl jbN b-«L>tJl ojb JLs^pI J jljJj jl 

{j * » b 0-3j ^^3 o^UjI jl5b j . I jJfcUi I jJLp (wO^UaJl 

•* « 'w*- 

^ ^ ^ P 

^Ld iU^ /il oJjUj * 4*wwd2*J I ^Vlll ^1 J A>-Jdl JUAA ^-Ul 


ol 'V ] ^ — J*l>UaJJ ^jjii ^ l g, A* A 1 4jc«L>«Jl jl jjl*J UJC^ ^2jyo\S o j*J V ^y» L>“Laj jls 

LAdwlP j-*/2J -ii 4 jL?xA» oLK ^3 C-J jUaJl L^-*>*jL<»Msi oL>ciJ ^ j-^'yi ->\ Lai . olPl^woMl j 

JSj jl jJ jjJjlujj j^Jl jjjLj 4 j^*^ 1 

b* ^^jl j- 3 j j-^-oLS”^ I d^-d>t-Jl f-L^-pi 4 Master a *Sj> Jj-Llaj La^jJl Lh^-oj ‘uJlS" 

^Uj Hrr^ (*^1 ^ Ul .dons j\ fellows LLJi 

4 r’^b jr* ^! £jLAjl y^> ^ b' j^ 9 jb-» jJl jj-a2jJ1 

• jr^'5rl' jr° 


ao 
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^ ^ » J, t A 

* 


N dUS <*UL>- ^ j-4j aJjL*JI oU j)a */?*)! 1 t, > j JlS* ^,+Jsj oJLS” 

L* jj^- VI oLS^LJl I*La Vj *UjJlS j ^jlJ 

lj-^ • J^Lj fc-JU-Vl <uaI _£ jsXJla ^Js- S jJl! iilSLJl 5ii3l o5Ui*l 

^ ,_jjUajjJl tJydJaJl ^Uaj^! 4 -L^->kj Lo 

*♦ «•«*** 


^o 4j 


V^UjjJl \jjt> ^y2>Aj Lo diJ IjJjjU ^Jl aL,»mJ1 Aj^UxJI ^ Ju*J j 

p f j 

id £°J -l 5^' <>• id^d ‘■‘ , ^" t>* *;'- p -^ £JJ o* 

Nl i(^>w2Jl j» ^\J\ «J o j£ j V jii *b/) LwJ.^-j. a1>jl»JI j^Jil *J 

jLS LJUa ijl jA i1j.Jl>«J!j . 4jLmSj Jjl>-I ^»L*Jl j^Jl ( jp Ju5lx3L AjI 

l.iAj) «ui$3l ia ..«i Jb*-I JjJ-A«j (1) i 'h/l <C^o 015 L«_S l JL> Jbi j^a» aJL?- aJU 

0^ jll? LaJj . jjLp J O*-^^ AajLJ* 4-s^Uj AjIj Uj>“ 

^ *• 

4ju^Ji *UlpL> ^j^L>- <jj>* Ixaj cU_JL*Jl LoJllp ^j>-T US < JLkJl U jjji 

oSU*i ^jA aJ*UUIj <^JLdJ ^JUaJl ui j . 1 j**£is>- U£Jl i^ojjdt 

*• 

*)ej Cr* W~r 0 J >Lp U jIjUL* aJlp o.^ y y\j* ^1 liU>\ tbi ^JLjl 

. **\_jI jJl ^^Lp J^x3! j^p o jJLpj 


ck b5* ^ b#4^ ‘Sjjla— ' 

> ^ s 

Jpi J-^- 1 -; ^-dj-^J cr ; Wr- £ ’ ‘ [ y 3^ t a-aJl *>L^ a_<J j| 

t * p 

L/ 4 L)t jlUl c^iL Lo-oj . aj 

t oLiSLSlj a^oUUJ ^UiJI UJjj j-SJl j j^-a^o 

•* •* i ** 

olijLU! ^j-o Lp^>s- 4 ^ j-Jl t jj j_i jjwa O-J t L^-JLp JLW 

Lr^ f Jj-^ 4 5^-UI ^1 ojj j-s^JL# l5^j^ 


U>-^S J^4 <wi>*ba 4j^J^jJ 5 ^aUs) ^yfcj C UUj ^itSI j*-A j} J ji!| 

|»Uaj LSLl^aJ ^jxLJl jtS\ jl y^u» O Ji>*N JULft ^4 _LmsL^o Lfjl jbL_jj (.c^Jbv-Nl 

*->- J* a « H LJ-«Jl C-tl—l jjJl ^_a ^Lkjj-Jl l<5 _^_j.>L 5”V1 J a^ ^Jl 

• o I wL-1 1 



P J mil ‘if ^ 1 1 
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^T*^J <■— <*>"1 JJ-*^ (1$^J 4 ®J^ P L$ j * ^ **-!l 

*# •* 

j Aj ^.«/?.P <^JJaj ^ ^Jl ^jJiLu d) 1 I ^,A? ?w Ol£*lj . (J^-I SjU 

JiVl ^JLp A-Lal5 a-L^ a_pLvs-^P ^ji (( j^ la,j» ol Juy N I Trinity College aJ15 

^ ^ p 

L«jj l* ^^oL>xJl I) jjLa!U jpxu L<^ J jS^lj • a^^oU>xJ| oL->JiJ 

•* 

Ojplib wL^, «<***■*•*■** I ujiip ^Aji ^ tiu Jj^\ ou^vi ^u j Uu» oi ^ 

## 

*001 ^] ^Jl ^ J jLx; >J! <>^1^ 01 J* J^i ^.JO 

^J\ Ls^Lp ^®jli> ( j 1r i\ Jo-\ cJL*o>- aJLLJI aJU- dJJi .[jU^uNl 

^-&jIj 1 jSjj\ ajcoU>J| ^a]i> y> jl ^Js* . j jJUJl aJLp { J^Jj Lo JuLl! <L>ji aJI>- 

A-«l j-P I 1 J)jj>$J ^L-Vl aUslJI ^3 l^d>o Lo*AJP i J^xj Lo- 3 i^JUaJl 

«• 1 «• 

«• * 

! LLws*< jjliu -P 1 Jl A« ajJ aJLp 0 y*£ 

p > p 

A ^wwwvjJl ^JLoJl ^j-P ^jL>cJl JsL^ ^Jl I *L& 0 j ^P ^i 

jL*Jl oj^ A^jil cj jJl j . 4^«JLaJI LLo j+£\ y 4<l)j-SUl 

*♦ ♦• 

J jli %jis> pU-UJI ^y> (J^Sj jJ yH\ 01 J JLJj . jUciiMl 

cs^ '~ J j$ • £*•" jJ\ Oji^Jl ^ o^i 

i >“jj C-Ji*j jVi ^^9 ^ujiryij a^oj>ji 5 j^ip <>- j-a l^J-p oJlp 

ul Jl 

j Jj > tJ 5 Co> jJs? J-49 . ^ J^J>- O j%JLp ^3 oJbJL>“ 

j^Jl l)I ^ 1 ^-Lp . L« wL?>- ciJJ^ ^3 Jl&j t ^ . la jL^tjalN I jUJi 

Aj j_>tjJl ajlJLj 1)1 jJalXo JI3I0 Jj c AJoUJl Aj2-^j>tJl a_>-j^ ^Lo ^jL>*jaj s yi 

^Jij . Ja3 LjU>bj2jI jj jJ \jj>-\ (1)^9 4 LajL^o O L^5 * J . A.j^i?U o j ^*A2j 

t jijj^yi oJl& 4 *^jji j j- s <2->i -> o! 

. ^LJlp 

LLww* (1)1 t ^9 ^^3 yA t 1 d)Lp t ^-*JlJL>^ 

V * ■- »* *♦ «4 

01 tijji (>* ^ '■^0^' L?* ^ 

^ frULOl (_5 aJ 01 j tULj ^*ip (P-Lx! J& lJ J Ifl (jUaj^l 
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^J-P A-ojIS C.^*vwJ Aj j ] a .^3 *: } J *,<9 ll I~La <6j}yu 

* ^ 

f-Lj-^JU A.1 «,/3 1 1 A^j*A_P 4 Uw0-*~4 l^-X>s_v? jLjL>- 1 A^jiLj^S 4 S>LJs2-*-4 

ol5" A*J^ . IJl a ^*^0 j-*S1 L® a^j oLj o> j-«-A ^jI ® I ® 

t-'L'jl olxi . JJ-i j^^-i Opl J^j tjjZ o* 

* ** 

yOJl (^'yl ol ^1 ^ cioWi^l ^yll i>J ^ 01 <y 

> • & * (, 

Iwi ^JslA JJ C l^_Jl 1 jipp ^yjOJl ^t_A C^l lg « »w»Jl j^P ^Sljp-^ l^j-^-P ji*pl p-A 

l^J^i l^ii ^ l ^kJl 0 jJUae^J! tljj ) I £L±p Li N I Lr Jil ^LoJl 

•# 

. J,UJl JJoJl LIjJI 

Jji ^UjU ‘^LoJJ ^ ivs>li o_^ 1 Uj M 

4 A-pJCUpxJl AjjJiJl ApwALo jiajJl ^JiJlJj . g «»> ll ^o^Ij ( j-*J AjjJiJ 

jUJl J-P Oj^>\i <J j£z jl U \j 4^-jlJl IJj>- A^Ji jJJl d\ 

Jl3l Aj j]oj J>liol J^>tj N AjL C-1 Jjj . \ J~S Ij j+,/2 5 Ja*Jl jL>oL>^/I 

Ji- 1 ^ 0>yA' hJ* lM ur”*' 01 (Jl 

<< <* ^ ^ 

4 AJw^ w\_*_> Ajwwk*^ 4 wL*_! i j-§-^ ^JuLw^Jl © L*-L© ^-JXj 2 -AJ 4-3 

• jjA ^50j 

4 O jo>- O-jLw^ 4_AS ^^P*A->o Co> j_>- ^ Jo ^ jJLJ» (^J 

C LlL~Jl diL" ^ ^ J y\j jft I ^SLL. A ^ J 

P * * i M P =* 

Oji AlSlwa Ju>- Aj JJ^V? oblSl ^-A cliJ^ (J^j * 

01 ‘ul* ^ 0 jPl' (ULp ol Nl . ^-yJl ^1 

tI->L jlJl 4 j jiaj •— • >xj _; L>-> 1 ^ ^ ..ptf ) 4jj] g * l l o-i*-5l 

.N 1 a^ibi^>i 

jl^ ^J liU : Ip j. j jU^j 4fiL>xj 4-ii^Jl ^ 5 — : -^rj 

<CLP ^ jS] Jiol Jj ujjPU ^jVl oUjlJI ^ i<LJu £j_iJl 
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^ fr > 



Uj ?jUJVl cilij {y> _ jJ _ I«Xa Jl>o jl j ? j^l 

^Lj^l J U^jkUa ^ ^UJU JjUJ! ^i 

•j'^i jj->j ®U^ jJa-*Jl £« *U— Jl Jj> jl£iVl sjjk /^Jlp l‘. U. & 

)/jj>- jikH . jiVl ll£JL« Jj**j jS IJl^ NUi> 

♦♦ 

. w ip i» ^ * * * 

* y*4Qu\ 6lj 4 CiJj>-\j 4Lo j jS6l jlS* LaJJt-P Lj-L>- jJ L_oL>- \ jlJo jl 

jUNl L^ajl J^_^jJj t o x^j Ug-La j*sSL> j_*Sl oLLS” OwL>Jl JJLSi Li 

t ^ ***** _ u ' 

Sj^aLU ^3 ^ 4 jj3 ob jUI ^j-bj 4(jUV! JL>Ju>t_j 

^ ** #* 

jl ,■» « la « Jl jL^^U L^LiJl jJJL5 c-w^J j 4 I 

CT^ iiLw^Jl J-A C^djJl I 6-A ^ sJ^Vl p->cJ>- jl l-I-A J . 5 ^JCUji * yjz Jl 

* {_£ t . * la * J I jL>*j1jNI wL>a (^ jJ& j) i j-vaJi * L* 

oLS* c-^jJl I6 _a ^ 61 ^ j£jl\3 c f’ j l l <u-aL J^j>L IIS' liij 

(j-*° j-*-^l LLSj c k i - 9 o-\j>j j 4 * * la ., t 4-o y*P 4Jwo o ^ la a 

4 ^ jj*L 15 ^lo ^JJS Uj^?j ^1 i^UJl LJLwJl 

jt^h <& j +* cLL jJ ^56 . j^i^l j jZ La ^ . 4xJaj 

1 ^ jr* JT^-*. 4-uj-o? 4w 6j3o J I p j-vaJl AS' SA 

^i) jkLuJl J-S" J-fUi 61 6il . iLkj Lj J~L> 4lo 6 ^J6 

4 LoLo AoUufl j-> (o j3w6 1 I^Jl^I 

£- ^ 

jl l a j . 6j56l j^JL) 4-oLj-*_9 46 l<»o 6 c— >1 

• AjJ&: ^1 ^y>- ^1 

-^1 j-* jir^ 6LaSI o jJaJ>- uJ o j^SLLl fli_A jl juLlpI j 
*< " 

S“\ jrr^ • ^"'-=r '-j-Aj ‘ ®j-« Jjl ji'Vl ^-L$LJL< 0 _vS jjCL—I 

J! e^-i^Jl ikJli^J! iJlj.sl ^S- Jilill y» tX>. j ^ ^U^iJl 

^ . j-A L^-w>- jjLJl ^3^ ^^6 i jj 4 IJla u^z 

ii • < uip jj5o jl t jS*J J-4ill; ic-LLjl -y> i>-0 JLp C—~J 


jJJ^ J-*j ^-6a ■^AivO 
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^ ^ « 4 I \ 

(jdJ (^JXu J rUu5 J 

* 


dr* ij^i <->l 1>*X ^Jl jS\ jJ Jll<Jl J~~* dJ^ 

Xp j+* ol j-A L« J JjU * j-va-!t oi JlSI Lo t * j-s^l 

Lr 4 ^ ^ j-^ ^>- ^ dJ^ d)\ <^0 

•* ++ 

t *.l a : .,.»! L» jJi *yXL*^ oj^ ^ I iiJJ oJi !i| . L»Ip Luli j jiC; jl 

T x > ** ** ^ 

jiVi il^JLa J>. J jUl LI j dJJS ^^1 U ^_JI Oj^Juj fljJVl NjU- 

* £*aj^ll *1 jla*> iiLcU^'yi 0 

VSL *j-^aJl iS'j+jj j+j *. j Aj jiij O-jIS" t^jl>cj2jVl £~» >XJ c ^JaJl j 

^jLcJ v I o">LwUJ JUol ^Jl ^r l>^ JljJ N 

L^JI O y<-d Jj to j~S IJl p dJJS jlp! jJ ^1 ^P tAjljJl jtla i^k; 

I ^ ^3 I U— J l^-».» L I d ^ I dj^ ^ ^ J dj^“ ^ ^ *- > 

<U 't^ C^i ^ : !fl* Jl jl>Ju')l\ j£wjl jjXjl JUjc^I jlSlal \ jJS 

J-*X& .la lp^-> Oj*X>s^J| l SjjS>Lj *\ jj lo^3 t iillaJlj B^Ul j cl)L»jJlj (jl^o-Sl 

\s>- aj^Lo oL-LI ^Ij^iJl jJLp j! lijJu jl Ha Ju^j j ^S3l 

ol>j^ Il>L-w*l>- ^3 Xi*-L laJU^P J^Vl Lf-lp > H I <y 4 _»_LjOj Lo_v- 

. j^JajJl J^dj^sw^ ^>- ^Jl iJUl ojt^l 

^XJl ^l^JNl ^^a-waj jlj . L^->i Xd^-> XjI j_SU 

> 

X?4 lit aJ ^Lp M '-<^Xp Ji ^jlJI ^ j^jJi ^L^Jl dlli ^ ^JLaJI 


wLaJ . oL>Jl 4^j> iloioj Owd*j>u j-wd? 1 j Aj jJau Lr!j, ^Ll>s-> dl CJT J^l j . oJL>-j 
.^JiJ! jUoL^I jUJl ;Uj Ju 4 jiVl ^5LuJ ^I^JI J>Jl ^ dJUi jl5 
Ld" pLj^I jv-Lp <uiJ ^Ul jlL^fl X*->-l jA zdij 1)15 j^^/l jL IJla 

^\>X Cj\Jj *j?£ Oj^La 1)1 JwLjJ .^j^L*J| 1) jXil ^Xlxa ^3 oLajI 

• JiMl 

AjjJsu ^a 4 JL 2 j^s ii^yLa-jl ^ ^XJlL aJl>- jjl AjIJU cdlS" 

C>^ ^ ^ C^ UJ( r^ 1 cy ^ VSL . 

*♦ - ♦* «• 



p ^ juoJI y jaiii 
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^9 jJuj oL [<cp 2Jj j*i»-l (_£JUl] ^a> j-pJl ol^>*Jli • <C>-ljt4 <ol-gj 

^x>iji aJkji j Jiyji* (Si tiUi t aUaJi ^ aLxJi o%^ji iL. 

•• *• •> 

^ jjT i, Si U5j . jA J-*p cu^f of ^±o jlSis 4 pl^o^l 
** * ~ 

t aJ ^l>o} ^Jl ^^ 31 jiw>t LjJlP jl5 U-)J £-3* ^xJt 

C^S* JLdJ . AjL>-0 JlJL ij# ji3>^ C-olS* * j-s^JJ 0 AS jJaj (jLs 

»♦ «* 

jL^Jl IJl* ^ J^JI ^1 ^U* J»15 ji J ^ jJu ^ 

44 %# %# 94 ^ 

0 *Lp j-w^Jl aj jJa-> oi 3^ ,wwi *^1 4 6 wLlp ijj>“l L^J (3 j-^“3/l 

«# 

> > * . * * 

<u15j ^ , - - * a jJ t ^UU^JL li jjij>x-A I UL&j 0 -jLS* * j-s^2_U 

j*" V* 

. 0^>" O-jLwc a*J 5" Big Issue *X>x-a £*_>! ^**aj 

Aj j-*-+& ^jS 1-aJL^Xj f- ^4/2-U 6 AS' Aj jJaj OolS" <JliJ.S 3^1 A3 ^ ^\j 

jJ^V (TJ^' LJio ^Ujlji-I J> 

Ol ^jS jtJo <LLS3 JL-o 0->lS t 4_^ jp*_La A^J>\jj Aj jJaj aJ^»j>«J| Ajj j-^ 

1 g * ^ J ^ jg l> J%-J C I j-^JLo C OolxJl l)j-Sn-J l)I J-oJX>tJ N oN^Lfc-oJlj k j , + /2 j 1 

' j~Sj * \-£^l ^ \y J5 J* ur*^ ^Uaib: 

Vr^- 3r^ c l5j 3^ 3r° c^' 

H «» *• 

C^sAil Loj . Wi)j5o 3r* ^*X^wO J (^jl5si3/ 

«* 4 * •* ** 

Oj-sjClxJl AP j-wJl Aj jJaj ^3 (j £\ jJl ^S_XS3 Lo l)L^o| 3^1 3^P (J^ 

L$J 4 ^ cr 3 ^ J 

»* •♦ 

. cJLa>cu^I O-^ I j Lt- ^ pj ooL^>p-s^ 

^ ^ ^JLoo-l ^i jl ^1 f>^ ^ Jbrt of U- ^1 p >j 
«• *« *« »* 

^xJl A^wAjJl ciiij jLj->“l ^j-< 0 (. ^L>*jJL> Juai JwS” 0-*-l2_3j 

0 A_P j^vJl Aj jJsLj ^^wv-Aj ^3 O— S"l U Ij jl jJsX-^3/ 1 A-L^j C.-wo-*^j1 

«* «» »♦ 1 

AA-AJ>«Jl j & ^Jj dJJ^ j . L^XP j! l^-s3 jSol 3/ 1 I 4 frj)»y3’U 


. LjUajjo ^ ^J (_£jU (^) 
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* • t - 4 I \ 

j-U-ua O 


> t ^ 


P P 


5 - > 


0-* Cr^J p->J ^>* L tlr*^-® ‘J^ • W~*-! 

jlw U~ Jj>c^J| yH\ J*Jj) . bJl~- dlLu L. \ jJS ^Slo jJi ykULo 

** # 

•y j-a*bfl jl ( ^- > " jl-P t (_$ J-~.La.ll I ^-bot>U L_g_»Jl *_..■ J Ji »Uaj 

. If! j~*> j*i ol jZi UU-l ^jJ Jljj N <J (j-UJl jl ^ jLo 

°i~^ <jy* 4 1996 40 jjLo/jLI £jA ilwil 

: ryiJt UOp J^Ul JU JsL. j y* jj U ^y> j^lJ\ j King's Parade 

(*J • Royal Society il£JLJl il*^>Jl ^ iajJo 4 jj_Jp JIp q. ./» jJH 

** ** ^ 

LwLS’j *UI Li^ *Lil U Jj*J ol li/pJl JjJ j <jS j-^ J 

** ** »* 

* J“®*^l 0>I^Ls^ j-J-P <Jlj-U ^jj lU_>~ 1 Jl AJU ^^J-P Ulj 4 *UI 

*-j*!>UJ| j^>Jl j 

0 » ' «• ~s 

• ^ik<Jl oJjJP J Jit jJ-P ^~JU JJ J^JLp 

** *• *» 

Jy* tjsS' jUto *Ji tJlSj 4 CJ^j-Jl ^ Jjl ^I3 *^Lp OjJs? jp aJj>- j^Jl o jlA ^3 

^ ** V* 

jl dU Vj 4 jJcJ ^ <y JjUJ^I OxjJ .o^li. O^j i.U’ ^ JJ 

jj ^_^p . J 4 JIS !>■ cJl5 ^15 ^ «J _^Ul cjI £— 

i^Ja Ij-L?- jl --^oy j\ a^JcCoJl t- yjs . Jl ip^^. 4j Jij ^Jil 

^ P P 

. L^> UJaj^j ol ^uLi y* j ^ ,/^t l ciJLl^ ^_3 j 

P ^ 2 f 

jllkJl c-j j-La»^Lj t Princeton University 0 4^oL>- oJi 

s' 

l$ oUJ j-^LSl jv-Lp 1 <• oL^J-<Jl ejca JjLa ^ ( ^Ljl 

> ^ p """ 

^ ^ l a : : 1 jj Vlj^l A^a L>J I rj 

♦ l 1 ^ I kwtj^LJ , 1 


a p 


J ^bM A w 4 


. frli jJJ ivs 2 -> jjJl 

*♦ ^ ,—r ^ 

ji. ® ® J ^ j^yC^o jj ^ jj>- j^->-l <s-*sS 

SO^clJI oL^/jJ) jJi: ^ ^^iaS ^ ^jl^I c(^^ rr oLS') 

. A^OJ-IS^ I JslP 'V 9 C <-jUaj Jl 0 )\^2J>^\ 



y>\ aJ| wl^p ^JJl jLjJ^l Ji^ll ^Jlp j^o i^UJi cJl5 
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frj) AC^-lu £jjO> i 



.Sj-o Jjl UailJI Lajit <Andy Albrecht 


j! <U~ii J^JlP Neil Turok lij y JlJ j_A J t yjyj\ 

61 <6iJ.i y* J^y^JL 615 ^jwo ol wIaipIj . c-3^L>«J1j> (Jjj>x-lJ L >- J^^l-LaJl \ O-fc 

t\j> ^ 0 L>wO )) Oj yp J^-Lp *LaJJ 1 ,<%■ .lg J AjI 6-Lta AjI ^ ^0-)l {£y 

ojl>«J 66 aLw^J cJljL* 6 j5L!l j*-Lp y 0 OjAjLoj *1j^Jl y 

*6JlP ^JSI ji L y\o\ Ajl6L>xJl y A^J5 (j! 

j . L«L>J Lo*>La 015 J5LoJl 1A-& oU t a-js-U^ y J^I J5 

y ^ p. 

. >\p*~ | o? _j^t L^ 'o— U 6*> *L6 ^ipaa^saj ^»-LL^.^^ 1 

** 

j^SGl ^Juj JJjJI L^O- 5 CJ _^l ^\ oUj^O 1 U- 4 

^3 LAJ 6JJ aj ^ 5i U J5 y ^ jJl j^Lpj . ^Lw-lj^ *3yb\ L>5 

>* j _^Jl JJi J^>- j^i t Li £jL^J 

* ^ 

L^-j ^JucJ As3*>L>- aJL^wo (Jljj 'y Ajjj>e_^Jl ( j^jLg-ill 66 6 >-Lp i^>j5LJI 

6JL6J AJLwL>tJ ^ y>-\ ^UJLjJI y> LJLkji 6iL > y ol jAlj • *1 jNl 

aJ! J-j t Jj fc !>L6 , Vl ^^-Lp ^j^6>«JLa yr^ L)^-5LSl ol 6$-H L > ^ * A J 
La J5 615 j c (j j^J5 \ ji*k>- l1>U56I IJla oLS' t 6JUi oli fractal aJj yS 
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«* «» ^ ** 


> (r 


aJjJj Jajl jj>- ji LJU- Lol^“ aJU-vwoJI odA ^jplaj <1)1 y*j 

OI 3 j-s^L>sJl cj jJI y Ul . L > ji o dUi A*J j 4 ^ -L^ 

*♦ 

> . > 

(y cJ dJL ^JlJI j_a IJlaj) ((fractal people 

doji lili : L>r .a ll ^viip ji j-a j c O j-^Jt j%JIp Lw^L^l ijj^ 

£r £, 

4 J j^Lo A_>T^? ( jJ?\ jJL$Lj IJL-j d)l J^-wwJl ^j-A-i 4 d-Oj oUaj<ja ^.Otj 

yj I c-jL^ ^ y^j c c^L^la-x^»Jl cLLL) Jl^->c-Ij dol^ 

4»*/?L>- d->li ((4 j^j ^_AL< iJ>sJl^ (1)1 y+y*) 4j>- ^Jl I.A.A ya . j g k> 'y 'I 4 

d) d)l jdL> ^JlJLfiJl *-i-P ^_y 4_J_^L>*jJ! Jpl ^JaJi y* y> 

1 *♦ «• 

* 

4Ju»>- lk>- ajj ^aUj>JI 0 j j^o jl y Lol ^ S j lLUS J jil . <lJlp 

<* ++ 

. % yLs^2Jij J 

J~A> ^f'- 5 ‘ d>° i_y®J 

-JUsxlt 0 j-#~i >> ^ tixiN ajIjI -^p Luciano Pietronero 

*♦ 

j 5 ^ ^ w £ 

4 d>- d)i 4dw« HU 4 ^3l^Jl ^IwJLjCLw*#^ I !jl*dwo 4j^ 4 j 1 jl>s^o yfr 

- if £'-% y“J - Jj^Jjrhi li£*j . k_~-oo Uj ifrjji 

. LaLz^ ^ y\j 4j>6^ ^ l)^nJ l)I 

oL^l^j I 41 JUU: S j~JLS jJ>-I JuL-^o j-xjl ^3 0 -JL 3 ^->_q 

** 

a 

^1 to ^-^-1 Si ^ 4 ^-J^L-Lj 0 ^_WLjw0 ^1 j? . 4 ^ ^l ^ -a 

^L ^ y\i \ji\S yyJ[^J\ b\ £+i Cali] LJUJI oUUJl 

(J Aj>- 0j3 lLLI^ i^y l 5^- ,s ^^ y* J->JI 

0 \ ’ ** 

. CIjIjLa^I^ ^jIxJlJI 4^3 I jJ^Ij 


U»J li*i>\j>-j jj>- d)l o»Jl>-j 5 o-»l5 Lo jljJj 

«# 

IjL^ljjJI d— >- j-L? -Lz3 4 j_pLaZws>-JI j-^-j I 4 j>- j j^_Lp d)LS* — d. 

y>- ^UajJl \xy^3Li 4 ^JL*«<iJl ^U->t>3 y>%j 

Jirtr’r 3d lz- ■>-*.»*_] 1 Cj^ 



P J) j 1 1 4-C J_J_U 
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^1 4»J .3 Jo>e_x»J I ^j-P^_Jl 


?! 


jjL>tJ LowlS" 4j*>LUj jicp jliN I jv-v2-> t o 

. pij^'yb jl cJj^ 5 *" 


*>Ui jLo Jj* : ^JUl i!l_J! co^Jl ioiUJt oJL* ^ 

^JJI f jJl jlaJ ? j^SJl ^Lu ^UUlJl o^jLcJl J5 j* v*L*Jl 

^o> LgJLcolj colc^lc-aJl ^1 jjloLi d^>c-Jl -L?Lv%o ^JIp <U3 

£. C- 

^ k-J-Lu? C L^I yJl OIL ^Sli c r 

& ^ 

I Jj C 0.3 UJl LoJTj . JjV U J l>cC> <w-J-Co ^IS" t >t~go>dJ ^ol/0 t J ’XyJs^A 

♦ *1jNl ( \+j Ju^LiJl Ja>Jl ^wJli?Vt ii^>c^Jl 


4jj>-L {£ZZ\ ol j-WI oJ^LsJ c^-s-w2-«Jl ^ jJl I J-a ^lc>- 

j-p ^JuT L1 jJL>» Ruth Derrer jjj^ jJjj ^5-* 0 j-£Jl j*JIp ^3-1 

^J-^}. jl <j-U c*oLLol cc3 Jij . I .3JodJ j>L> Jo Jj>*j jl 4 4jL->- 

«* * ^ ** 

^ojT o'yiia yJjl UOl COLS' iJucJl <y aO^JI 0 j*>L J l oNlLJl 

> 

Jy k_i oSLO *^> jjLcJL Lip oLOy LJU» jlS - ^L! L$cS' ydl LOUJl 
jl jJ>L*o N ColJJoNl ojtSol jl ^JJl iJjil Jji j Paul Steinhardt cojLgJobco 
y* ^jU3^l SlcJl ^ jJ jl y£J . Ail5 SJji^l O^SLlUJ Ll y>- ^JuaJ 

0 JwA J3 J»*o yo>- jJjJ^J' J j-^0>- <y 4 oL> ylj ^ jj-Sj jl oLvm-P bl^3 4 c_jl jJ>«Jl 

♦* 

jl J J_*o ^ 4j I j^Jo *-*J t JlJLaJL Pj--o jl5 l ^ .3 *o 4o^ ^ Col jJwvJl 

. lijL^l^lj ^Jj jl Lj* . L?c3o i^jow j jS sj 

♦* 

C*-jIj Co Jo — uto jVJj Lgol t j-w*-vo2o ^>oJ-iJ ^jL>to>o 3oj j Coj^lo 

P t ^ r C)) <uJ3j IgJL^cj y^Z J3i . ^Ja *_ll jUto 2 j^/I jUJl Jo>J i] jjj Coj Joj 

yjjJO 5^50 jUcjL CO/ O . CjLUj^I y> pip J^J Ljy» tides' «L> 

* * 

Li. jiii SL* c~Ui jl L> j i eyoD s^^LOc-d Lp^C^ ^y 

«* 

dS j ^Jo <3^^ jSlj Ica-o^ I Jo J3s ^ AxJaJ 4o>“^0 1^3 lo jj j*Jj C ^j^°l ^1 

j3s U! Lol . Jyl Lo^3 ^L>- I 15jJo jl Lo^o 5 ^°^l . 5 joli 
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+* « ** 

5? 


o! . ^>- 4j*Uj yuil j -k«jJl 1 Jla bL*^» cj 

* ^ y ^ j-*j 4 ^ ^ '^lj ' 


jj^j2j>- /» * >Ujl 0 j_aj2Jo *L<J-*Jl oj_ L*U>-I (JL2 j 

** ♦* i 

Cw ^ j UJlUj . ) 7^A > y Ulijl j) 4_-oUJ 1 Jl j^l Oj^JLo 4 4»oljJd>>i 

0-3jJJ A-*. y * ^L A J j-SJ U 1 ^-JLS* ^ 1)1 . itai-UU-S* dLU i)j£j O' 

J^>tJ <1)1 Ju dlU • “U*-J d>" 0 j>v^3.AJ 4»U_a Lvdi L^jI 4 jLjlj 

J^j ‘ -^-^r (J-fr ^y^kj Lo- 1-0* OU ' yy yr~ y 

- . '„ _ . ; 

Oi> J^i ^ \jr^ a ,yj y lO c~?xJ ^j-y oy^>jj 

j)L p j_^Jl ^ I ^1 c->^0 jlU . s ^OJ l ^u^Jl y J^dl 

•* M 

> 

. 5JL^Jl ^3 ^JdJl ^l?Lio j c jdsjtiil w-j ^ ^yJuUw i j r a. 

*• •* , 

I Q 4 ^ y*j ^ ^ 3 L^m<u<2^o 1996 I j -A 'j jJjj / (jyi> 4- A 1 

K *♦ *♦ 

UUi<Jl xjldJl ^o-LxJl ajIiS" 4-dJLi> *)UdJw« <1)U <uS\J 4 Lyg.>l iJLjb ^JuT $ j^>- j 

^-1 - «• ** 

jJd jU %j\ ^1p U^Ip aJ <L^S cui jJt 4 arrow of time 

dHj y . UUJ d-dl ^iJt ^51 a-U 4 aIs j>-\ 

•• •* — * ** 

^ f, 

^ J^! ii*^' C<l<ci 1 4 j-SCwvwwvwwJ 1 J_3 <l)di £td?»- (1^*^ ^ 4^^-° J 4f'llj ,i y! 

. OdJ llj^^P JU- ^ ^.ya.lJ S 4j ^9 dw^s^J Jl 

•• 

^»>jjL$sJIj ^j~s>*-i Li^ . ^l~%^«wLo (jl (Jj^-^-j ty^j *yy~ y* j U^Li-pl 

&\j lisu j\ y > ^JU Sui jU- oi dJ _)1 01 0,1 LSO cU ^Dl 

• jiSn^ j 




•ivw 



^ J [iL-Jl ^\j iU] 1997 /JjVl j JlS - 31 

*+ 


* 


jb>Jl ^jl*J I y^L v JJUj; Camden Town j ju jJLolS ^ Jazz jUJI 

J^^-p o j-s^> UlSi ajULS Courtney Pine/^L ^JlIp 

*♦ •• •* ** 

s- *» 

. Cl-^s-w^ Lo ^3 <LP j}.* la 4 4 J^JlJl 4 £./?*« 4 (J ^-L>- 

* 0 0 

4jww*> OolS Jjij 4 lj • ^1 ■'*■■*■ Jajj>\ 4Jw» yO jj i c-L-*— y oJUJl>- iL^< ^»«j>tJJ 

lli jl* ciUi 4 4l^—» j*-5 • (J^! li£vJ 4 (1?^ sU» jJl aJuaj 

iSji IN «.oliL.!^o/ i ul jjU JjUJI ^1 «IkJ «. JU~ ^1 JLo jJL 
_ isUJl i~J! J cJU U ^1 >JUj -JjJ> ^ 

** H 

. IoUJ A*4 JjjSjI 

OxJ ,'Ji cJU r Jl Ji cj> 5 j t^l-b-VL ^iU 5 jujl>JI a^JI oIju 

t £4 ^-ULJl ^jL>t-4 /JjVl ^ 

4 a*J| 1 wL)wX>«Jl ^Jl ^ ^4 diJJiS j} 

p p x p ^ 

l)^-SI cJL^-p'yi 0^° ^ ^C*3 ^ <s^ 1 1 * j 

^jJi (jl j-*-p 4^.,a,^ 2 i x»J 1 LJl*JI ^L^IjJlJI c3^ i 

3 

• <-C*j *^->- j^o ojIS 4 L^° aj jtaN I U-^» Nj 4 6 Jj Jl>JI oU jj^wwoJl 

*• 

M oL! jj ^ ^ L~-«.aJ j I3 LJ ^ 

! ^1 U j 
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^ 4 r ^ j mi ) 
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^1 ^*>L^Jl J^p oj>U-l ^ oip 1997 ^jbj/^liJl jjlJT ^ 

** •* <♦ 

^J_P o-P (Jj-Jilj la *A_9 li j^-j ^|-*- J 01 ^->-0/ C ijL^-> ^>---11 ^-9 

J ilLu Jl illl)l l^Jl ^!l jcJ jl 5* : i_5l j£S\ jSL, ^IpLj Ju t( y^l 

M 

1 * 

^3 jJ+hS* l^->=-> (^Llg-lil ^ o^lil 

Jlx» ijliSj toljU^Nl ^ JjLa ^ jJ-p jl IJ-*j . JjjjI 

. oU" 7^0 jJLfljl IJla 

4j j^JJI 0jl5)M JL^I iJL>- jjJL^*j j Jl *LJlp jl oj^ l^lj 

jl 4jlJL>Jl3 . j jjJI ^JlP jJLoLftjl ^2ij>tlj (jl cli-> jJL>«j pJfcl j JlLjj j! OjU 

° > * * 

C 4^J?I ^3^9 Jl ^3 43 ^-*-> 5 4»jL<Jl Ljujl 

dr" 'jjj^ Oj-i>L- e-Uip Jjj^jJI Ojj-T. lt^' lt* 

** 4 * •« 

Lg_J_*j>- l ^ * -,^ ^0 ^**p 4ja.L^> ^Af^Loj o^Lwv^w^^<J I di-L> c^li t P-UflLa^Jl ^LjJl 

♦* 

i dJlijI <v ^ Jb I 111 dUi <^p v-V . j « • cS j^* 3' Jailii V“j» -» vil 

s ** 

^ ^ p p 

4_L <A? Ij L i Jl ) j_£_> Ijwwvwfljl Ij Jo- 9 c owL J j>- ^Lwo-Lp c^LiLijJI , l^>cj 9 pIIJI c^>^JI 

j-^J ^lj-p|j tl^J 4 -jI^J V oLpUj^I ^ J*>UJlj y>^j2]\ Jji 

•* 

'J ^J'l cJ jL^JLoj'y I o ^IX pI iiLv^l C ^^.AP CjL>-I j^3l Juj j 

IM } P P 

UlWj . 43 ^>Jl Laj^I^j JJUl oL^j^Jl dJla S j £j~J Jr° Jj^i> 

p p ^ p 

oLL-^ $^>-j j^ 3 ‘^l«iL^-Ji^ ^-^1 jj3 1 cjljL>j-wol (J-J^l Jl d •>.■%«■>- 1 

tjr’b Sjjj-siJl JL*jlsI V dH.^' (< (*>^' 

^p I ^ JJI ^LJjJI ^ ^jL aU: V bU : JpL-j^ 

^Si-LsAO 0 jj^.*,rg.) ^-^*°^-Lp jL<>J^«v>jI ^\glp 

Ja^-pl jl Jg aLo! U ^jJ r^ij J ^g jiJJl 3 j5jJIj j^iiJl iJub 5U> ^ 

^ i •* •« 

d^i j*~U ^ S J J| ol pLk-l ^JJI cJJ 

4it« Ul Jak>-I J liUJ . oIjIJiaJI dJUa JS ^s- 4j (_^LJ ^Jl i*jjiJl <u^iJ y 

d^l Lhj Jl ?A^JI ^ cJ^Jl II* ^ d^i ^ 

*• ♦* 

! j j-^ai J L ? Andromeda (JusjjJul 
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IjS JU 


cj?-d 01 cJi lil ^ U*4 01 

jiaJli Imperial College Aj«_*U- U-L^=> a^- y\ SjS i^p«Jl AVl dJUU ^as 

> - 

J~>H 01 ^1 ^’yJ J IsOjIi CLp sULJi oljU^Nl ^Ij^I ^1 

^ A 

^ Lg-Pj*^ 4-Jl>tji C->! j*o-AiJt ^5 (J jjjtjli 4 *IJl*Jl CU3 J 

' J 

j-^2SS' I ji _ 4->L*Jl aLJ| /^O C^-*_L jJ j __ J jUi 4 C'LwvwoJl oLpL» AjI Ju 

>* qjj £0lw>l ^5* '-'-f^ ‘iOs-’jW* J 1 
* 

• j^j 

c Cr* j'j-^^'j o y5JL j**j*\ <^oL>tJI j^IpI <i^S 01 L»j 

• t ^ I ^ >■ C" . (J ^ 

o3-& 4^.* ■»■■<■* ■ 1*11 ' 1 . * 4 ^oL)L^eJ| ^^3 ^J|^>C-<»_J J wL^JL*-vw^) 

** *♦ 

iijbl £->Us> oli p-bl IjJLjJb oL f-LW^I ^Lil ^JaL^I 

J* 

• cJb U! t ^Jyjj 



jljJl ^1 Kim y J^lil <L^S ^1 >J! I0 j» 

1 _ ? ^p j 0 _y 0> J^Llj Notting Hill U ^Jy j* U olS0> ^15 
** " - * 

Jis t . Aiyj (j>L A^ySUl jj^aJl 4±tL J*l 

01 4 IJJ 3 wVaj 'y . aJIlSI ^ytSJl J jLj Jl*j j j-JaJl dJUu JlS^ cJlS* 

*• 

<3 j > N 1^5* Ul j-sp 4 L^)l 4 * 0 Ljv^ 0 01 ^3 -<ijI j 

C5^>^l ^ ^ ^ 31 iLJ JU, rJ .Li^t 

Aj^SUl a j JjU-l oj^S* ^jt . o^UJl ^JLp 

t? 

Aj\ji- *>b .UsI^J^Jl ^0 A^-_P l$JTJ <u«ij UXj?- j* 1 p J Jr j & Aj J~>ij 

Vl iiiylsjj U ys>- A^i ^iol jl L» ji5l oLp j^JI o j^>-\ ^1 ^i> 

•♦ ♦# 

^5 1 J^j ^ ^ ^>Lo! 4 p j^JJ Oj^jcuJ! <Pj^Jl Aj jiaJ .y* J 
** ** •* •• '« 


•>' 


Ais j'Vl L»l . SjjLp Ijj^Aj Jj-S #JL* CU^JLpI Ji CXLS’ 
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.Kim * 


^ ^ *.<2 L**> ^ ^y\j ^ '^Z ^ 4 1 ^ <■ <. * > 

- * * ** 

projection ^j! aIS* j} ^y ^ ^ j^gJl <Pj-^ JJ*£ !SLJ 

•* 

f, * fr P 

4 j^Ssjjj 0j$ ^xJl 4 ojLw*Jl e*L& oi jJ-u^ • a^Ls^I 3L*->I y* effect 

. U *X>- ^3 1 Iv2*«Ip 1*3 J cu? 

Lo ^ j3 ^jLwvo 5JLjjjJl o jj o N j L>t_^ ^jLl> ^o oj^ 

oL jiaiit oJla (ws^*w^ j . Kaluza-Kiein theories /^>*>\S _ Ij jJlS" oL jlg.L> 

£j'jj aJISC* a}*>U) ij y J^\ A*->jS/l o±l*J\ iwLP JjJj jjlp ^ 

! iL^-j^l ^3 1 ^Jl ^3 y& L^_>oL<fcj . (^L-O 

•f* V— ■»- ♦* ** ** 

JulJl N liLJLi tdUlS >^l jl5 lip .^Uj XsAjj LJlSU Lojl 

I 3 I 3 . Ijl>- Ji*-Jl ol jJ* iL?L-vwo s ...w^J 1 ol 

•* <* 

JJuiJ A/uS\ ojj *a ll owL^J Lis j jiwju IjU 4^«jJI blipl 

llJLp j Lj^-woj>- 4 3L*j*yi 

. <ua o j-^Xw* (olSv^Jl) 1L 


j-^j 





IJla «Jlo jl5 
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lj£ 


oalil ai L 4 J 5 A*~JaJl J 5 ji a~>- y oV jUwJl j\ . I aSU 0 j53l jjio 

i p p yi 

lLU. 5 fljj AlSJJl (j| dJJ J ji\ j\ C->LfJuLo (JjJuj . 0 ^XaJt oJlA yaa 

J a-^1 Ju>JJl jlJJLol J^Jlp JjiiLo Jji aJ1 ^JLp f j-vaJl 

•* ++ 

IaIwLp L*j 4 0 JLj>- jJl 5 jjjjl ^A aJIaLSI 0 ji o\j JJ^S — I j jJlS* ol jJaj 

** *• 

. iiU)! aLu^I 5 dUl_ iii Uaap SiLasJt Sy 0 jJ^- jUj 


P W P 


4 A*,* /? A . l l O^X^J AjL*>- y>-iyi y>o I t^yf” I— 4 j3j 3)15" A*m*j2j ^ ^ 

> J, a 

JljLoJl L^jI tUj>cJl ^Lp LajJ-P*-1j ^Jsljco 3)ti 

O* '~r" ^ wluUl y* J^Jj . ysJLyiJl ^iJl 

* * * f. p p 

4 L> jiaj LJLp Aj yS\J L*j-> v i2 _— j Lj pj £ CjL jJaJl oJlA ^_aI>w?I JL>-1 

Oya^j£^*>Ul fLo_L*Jl Jjlj-ij (jt-S*' u ^JL^' yi y_aa aLl**^ ot-S* j 

jJio oLS* Aj^iaJl fLjyiJl ji oLa^^I j. *J (1)1 l^A Ju ^ j . o^-ljlj * ^ ^ 

^yUyiJli 4 fLyJJl y* 4_i*-v2>Nl <>- jJt LjJl j^JLp ^JLp ^ytJi o yiJi Ji ji? Lg-J} 

y 4 4y j-P • A«y»_L*Jl <^jL>cjJi ^y>tj ^Ui ^_A ^ ^j3l*-5_>J 1 ^ 

^ i >JI *L jjiJI jlJL^ J I y\S -J , JJl A^JI frU-UJl 

*♦ ^ ** 

<jaL«-qJI ipjaJL aIs^u ^»J l aj jJajJl aj^ ^J l o3^ ^ ^Ja>» 

. jlSCo J5 ^ ^LiuJI ti^ud 

Lo ^ya-^xJ 4 Ajv-L^Ji ^ 4 13^15 jjLlaJl 4 i^iJL^Jl oJla c _ 5 -Lp 

J Jj-Lu? iwAl (JjJij cT 4 (( th eor i st yJlpN ^-yu aJUj>^j 

. . ^ p 

^1 ji . v — w^>*i ^sSj\ oft ji yp ^L_J1 y_lxJ ojjJlioj ji yJlP 

^yv£Sy<Jlj JioL?“i lit ^5^ 4 4 j>-L^J| yfl ^3 <^XSJl I^JlP 

p -X 

!^y*Jl 4j| 4yw>tP jyj 4 A^-wo-P A>J 

oLy; o! Jj — IjjJ'i’ aaLjikJ oia* U^LI 

^ * (. * 

. AJ^xj Lpy i y°i jLjLpL) LjLaAj l-^-i unification Ju>- yJl 

J> y.y^ ji ^ <yi j'j iJLUl JJUU J> Iju oij 
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ULb 




j aJu d-ol-S” 0 ^KjsJI (Ji 0.1 S> 3/j . £ j +& LS 0 j-JCLoJl AP ^J| 

. L fJL* ^1 A3 jiJt 


J-*Jl ob ^JuLi — lj jjliT oL ^J aj ol p CuJOOpI 

** ►* 

Uij .^Ml L^L. J. c<_^J t^Jw, ^-J ~^l (^U>0 ^l£J! 

^ *4 «• 

UjIj l (^ jJL Lo«S3 4 jLs3j A^c-A-vi? ^ i^J****-* bb A»s^>L>eJl Ojj-m^JI oO^J 

j>*Jl A^iaJLaj tU ii jJL>Jl 5-u^^Jl aj^jlI! $[ju Vl k aJ oJJL^ j^Jip 

*4 ^ ^ 

oL^ b|j . oljj N ^bJl j_*JI jJL*-> Iji>- ^5b Jfi^->t^o 

h\ Ji tjfjSi c~J l^L Up cl. 8 JiUJl ^1 ^Uli UUi 

«# 

.^LpV( j>0 li'^l bbJ juu; &JbJI ^>5_lj J JlS'obJi lUp! 


jjJJ A-J jJ-L>- CuL^Jwi ^IJLUol ^Jlp J^JO * j)^Ji i*_Ol j! 0^1 ^ ^1 

<_$! t ciiLJt J jJ^ ^Lp a^UVI LgiS’ JL p *>L0l3 ^ J>\jM ^Ub^fl JubJl J y>- 

** *• M 

JiLUl Ula jj> f+Ju .(2.8 J5UJI) LJ U'AUI jlOtfl ^IjcuI Jlp 

3^bp AXP * J) AJobJl ^ A^w^L^Vl AP* ^a**JI Ol (1) ^_^JJ i ^_*Jl ll 

♦• 44 

t ] 5 JU <d?LLU ^ ^ydl j c%*i La I ^1 iPj^Jl N jjJUJl .ilJcU 

*4 ♦♦ 4* 44 *4 

Jajl jJl ^ j j>UJl U) jl IjljJl j .J& ^ taUiNl ^^LJl dLUl «J >» 

4* %♦ 

iJilUiPtf c^j> 45^0 ^Uij cijljjl o>-bU 

* J) ! I AP J-W4> L^s3 (J^Ssj Aj jU^I ^3 jjl Oj y^> ^*£’ * j) y2.] I AP ^3 

•* *• ji# •• 

.UU I^P c^Nl jUJJ L-UVl 

C PjwaJJ aJ^j^>b_L<J| AP ^J| CuLsj ^3 Aj>$biw^Jl C-olSj 

4* »4 

. ^Ju>«Jw<iAJ ojj a 5 jJ>tJl AjjI J C-^cl 0 ^3 1 

4* «4 t* ^ 

^ p ✓ 1? p ^ 

be jl o^-* 01 AiiLt^Jl o jo* ^ j-^i C-JlS' j 

jviajca jl J jOJ a^o j^5Jl aj ^J aJli ^ $3^^ a 3^ cuUj^wo Ub quantized 

a-^Lw-I multiples olipL,^ Nl Ju>- jJ ol ^ oLIiCJl 

• (<S j-^w 2 JI AiUaJl olwb^j) quanta oliSlSl 3^-0 aLU ^p 
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IjS JU 

«<• ^ 



4 .aL^l jLxj! 

- * w 

JxVI ^.^..i 



► 

tejUj SjIoJlI iuISJLI jLjuVI 


(J^-^ 1 IL$J t-A-Sj cl>J^-H <*11 ut \ jLalxJI <j^Ji 1.8 J£_i£i 

<_^Luiy i jLxj^Ij < La I <_^jl£-cJl <jMUI jLsljVI ^j-o «<l) jL»» L 1J l~^ A ±± \ ^ I d t »i 1 ... 

.^.LVI jaj LjlL 



LLxJ! Lj^L f-j-u=JI JiUji Ijl L il l i — P>jJl£ <jj£ jei *■ j-u=dl j\ iVnl 2.8 jSLiii 

S^>J ‘^l^H jLxj^l <X.j_4-uJ 1 ^Jkl£t LijLflJI 4 ~t f . j , , ■ ~ v't l.^ Li 3jJ-2k 

«% ** 

. pj ) i rf^l l 4x. Ulx^^lJ iili 4 4>ll jljlLol ^-lc. * JLsjljVI ^ .All j^iiS 


* Sr 


Cy* ^ oIapLLz-* Oj-$sj cM Lj ^ ^ c ^ 5 * J? -/a.'l AiUaj 

& 

^ Ja^J t JlJUj . 0 jUl LJJS Juj^j Photon j jj ji iSQs ^^bjo 4 iSUaJl 

oU J A-J jJL oLj: JSLi SjJJ! ^ iilkJl oL^ 

. aL^tjo ol jlo-N a j-L^> ( j^>o j oIjIjuJI 

I «* «• 

* 

- 'jjJ^ hj*> J? ajjI j Ol J-T dJJiS' 

*♦ *• 

^Jl 4 J j_L^ ijjlj J^i £ Jajji j^i-U s^>Li? J j_J oJla 

j-o SJ-A3 V L^i j-va ^*->h 5 j-^5 iill? 4 ol jJ 1^5 a j .✓? U 



t- J ' Al l <C.JM Jyujl 
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£ — 

^y j>UJi aJI Jj>xj . j50j 

V*m" Mr «* ~ 

Ll>- 4 JUJI tfUaJl oljyLw^s ^Jb ISI Ml J^5I APj-*> JlgJbJ 0 j5UJ jUs^Jl 

. ^y Lo I 3 y^ 3 ob-& L*J j?l . ^^jJI Oy^^l l&b ^ ■ *< ^01 

0 «~b> J 5 ^SU!l * 1 * yj i II 4 , f-U yU oJ^Jl bJJi y ^1 (J 

ob jJsj 4 _*_wJaJl Ool jj (jl Jjj - la yoj -LL« ^yJ-P 

Jl ( JUltJl Jjjj c-tt j\ jj^jy I 0 ^ J~S y) y**S - \jji\S 

** 

y 3l*jSl v^' oliSlSUl ^1 ;L~JL oJ yJl y Ud^ y>Vl *UiJ! 

4 — sL-^a^/l yLL p 4_s>-^ ^J-P b lxp^-o->t-<iJ I l a * > j-»j • 1*11*4 

tjT® J! IJla y USLlJIj . (I Jjc^ b^i d\ J- ^JJO Sy^J! 

J,»*j>*j U (Jub J 4 4 J jj-rJ\ 4—# yo50l aJLaIII ('{jyy yo <jV M ji-b>xj via «/3 ji 

JP^ 0^ ^ C>*-^ <0^ rOj-<bJl U^ J^° J~Jl 

. L A Ow.1 ^Jl JbJ! 

5/iiJ^ Japt M y£J) Sui lift y ,Uil y>UJl yt-Sj-J otf j 

•* •* 

. y y>-\ 0*!A5sJUj y>-M 1 j_& j»jJa^/?l 4jl tC^j-s^-U ob>500l aOjjAahJI ijljJl 
jljjj* ^yLp l 5 M ^yJl dill 4_5Ua 4JU>- ^y^l 0j-5^-> 01 

cV 1 -^ ^ ^yJl 5l J\ yU)l ^4Ji 

! LoUb OjUi J-A oli>- Jjl C^VS* Lo 01 cP c P 4y^>\j 4l$0w^ 

•* 

. i^jL) 015 LoAbP M Ij0>" Oj-^-1^ 0l5" LoJb-p j-^51 ^ 4 _p j-*» 0y5^-> 01 

. laV^oJ I y& oJL-*j L^jI j+S* 4 obiOl a jjfc y» y>0J ^ I Jb 

> 

\ j^jG OMI J>3>\ jO.9 4 ajL^JI ® j500l oOjSs ^ 

( 4 * 43 !^ ) o y*^ 1 ” ^ ^yp ^ 4„_^0^05^ VSL ri^ U 4 »p^a^aJI 0^-w^i — j Ljl>- 

*• 

^ ,1 1 y* ^ O-UOjj . iij j^-<0l ?-L^yiJl ijjj>- 4 j jJi Jl 

• Ufljl 4xj L^U ^ y <v>jLo 4j2j ^.^..,^,5 1 /J^ ^ «la.4 3 ^ IwLplwvw^ Ob I 

M> •* M 

( y jy 4jy>ol lo SJL0> a0l>-j y* Jy 3 Ip ^01 -V*j 

*+ 
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% ^ P 

C-oL^ . j£Ju A-o- 3 h jt-5 ji*-® Jj>*-n jj C 4, x> , ^' a 

^LkiNL yyJ ^j^\S y /bJl ^Jl y o^le-j *■ ±il j-jT Je £-« J-*-*^ 

jl vlbiboj : Jyj <j>' y. £_/=■“ Ailj ‘ Jtjj ,_r~^ or* Of 5 '' 5 ' lS-^' Lj“^' 

** 

« . Lbl y,bl yl jlyr yll -4~" 

* 

1 1997 yjlju /^jllSl jj^lS* j4r*^ tSj^~oJl oj^jsJ! oAa Jj\ ^1-p 

«* ** 

Aj j Ifll ll eJu& OJLP JuL® ^ o j_ot3»Jl * j) y? 1 1 4.P Aj jJajJ aAS” ^3 j 

*t* 

* . * * s 

AjI-L} ^0 L^-jLy?! JJl <1*> jJlxJI yr 4 ^^JLi J + ^ l a * 1 aA^-^j _ L« Jw>- — 

cLj jl U JSi jl y^J^\ jiUJl j iSiJl j jLoS/l lg-i oJi>- j SI c al~JI 

.aSQ* ja 

LAa>I Lo p-p jj <*_Jl*Jl ^ ^As>- j J^pI cJljl N ^^-wvwJl IAa <z^S 

* * | p ^ p ' 

Ajj la V > I j-~S LaUvJJfcl ^JJl ^djl -Li! * Jn-^ ^ jJl ljL* 4 jl ^ Ulj ^gJb! aJLp 

** ** *♦ ** 

t aJLp A3aSI ^JJl *1 ^Jl AS ^5 1 jJ-y2j ^i^s>l J 4 * j-m2lU 0 ^w*3*Jl AP ^wJi 

” ^ * »< 

aJ U Jb yll oliJNl; aJ JUtbJNl y <b-y l5 JLp JlSjT jl5 Ait 

<. Lsjl dJLS (_$ JlJI y jb^s/ I yJ j jJl In jJx-Jn y-Aj jS/ 1 j-fi ^ jv-bJU aLoj 

jj>^j jl iij! j.* jl Ay5b» ^y A^i; y!i ^ jpi ^ 

bjbl oI_JlL-> ojlSbl b> jLp jiJj t a^«_L*JI (JLo^'^I y^j 

aJU c> yil y I La /it . »LJl oljy yJl uU UU ^.y jL y- UQJb. 

^ ^ ' P 

•or*^ jjli A-^io ^ i! aJ Ss>£j jl 


AjLiJl O— >LS' JJLij 4 A3s J— ygJ I ^Li) jj*S>\ oljb 




p p 


i>bLL; A 

+» ♦♦ I 

(.y^ yS’l JsL^NL jl5 <ul y. y yU ./slyj^l yj^l 

«• *+ ++ 

. j\ j*SL^\j Jbl^o AjLj>- ^3 OlwUi^J ^y> AjUlx-a ^ll Ai’u^l 

•• 

J yJ 4 oiNjIj A^J j y /153 y jJcJ yJl JJcJl OS yJjT jl5 
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*bb*Jl y* jfco b bl b j^I Lo . <JL^*J ^3 

4 ^ L L ?:^, <J| jjJ ,j^j-JL jjjx^j t *J>Xo yiS) <uL>- ^3 ! iJLlJjlS* ol jJt 

<L>jJboNl ob^jl o>t j ^ j^jLJI IJla frtjj L*-i j . o^b $ jj >- j ^»jlp 

oLpj-^ j-<Jl y* JLJli t <JLJl j j^Vl y ( jJ? jj>t Jl ^ ULouJl 
•* «• *. 

bib ^bl f» ^bJb^ ^Jl ^-9 jrJ J^bJLbl 1 o_a ol (Joj>-LJLj 

. j I <bb*> j*»^ib 0 j-uUaj jJl b j^Ul 

bib t cup^J J^^-olbSfl jb-l b^-Loo^l i-_b ^Jl cju » y LoJJwP j 

** 

A^JaJl ob>- y Lo |j„oj| OjOliJj ^ l a . ^ jJl 4jiJflJl JlaI j JlJL*Jl y» ^JL>sJl bjJbl jJl 

oo5 j .iJlk^Jl jJliJlj obUJl ^o LiUj iU>\ J^j^\ UbJl LpL-^I 

^bil y r <y}[S')l\ jy>-')i\ ^jJoJ < CJ~^ j-^ oLpLoo^NI L^Jl5 

£, 

obJ bib j t ^-s^lj ^IpJjL jv-aOpIao J^Lp Ijbo-bJj I j-si jpl j b j-wJl>b! 

oJ-a Jl* J^jL Mi * JLJl ^iib?l bl j^o* Ji^y* y* pS : J jJL 

. bb-sol ^b->Jl 

yt ^JUJl <pL>t^ Jj>- bl oli* yL* Jiy ^yJbb’Vl di j^JI JUj>~I 

0 ‘^O’J O jl o' o ^ ‘ (_ 1 ' °J AJ . o' t/ 

J5 dJJi5 j»-$->l Jj p-L-Jj ljj^5o jl Oj->o M La ^bJl ol 

(«_J^>UaJl i*^L>- (^JlS ‘—A-^ jSSj\ ^j| . |j^j<_wu j L>cJ>-lj jJLo 

dy>‘y~ij Jl ^-JV ^LOO' ^ jr- — 


, >i^j>i oij^jJi 0*^ oi5 lii ol (u^jo 'y u^*) ous 
►TSUu i]Uj ?dUo5 0J>^! o^i N liLJLi tJLJl Qk.t, 

oLS’j Oj-V Lj jl cJa^-'y 0 sJUJl>- iJLZ Oj JLj.1 

** ♦♦ 

I Uw^3 ^ilj t P'IAaJI IwLii ( li Jli t bj^j 

♦♦ ** 

^ b^ (.y'od bl cA^ 

•* •• 0 » 

<uJUJl j^aj ( J^\ c^JLJI ya SO^p-jJl LJlkjjj jl . jjs 


C- J 
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\J. JU 


* ' t, #. p. * 

j ^ ^ Cj^° ^-*»P 0 ^° I 


(*) 


(( 


• t£^y *xb A A A *>/S ) J I Li» : Uul 


V jL. JUUV Ij^ aAJL. i r *jil5'Sfl j^l ^UiJl *]L^ j j& ^ jSj 

jJl 1 ]»UjJ 1 jli t jJuJ Ji J^yxJ j\ ij<Jy '}L r *J> c*sS jJ j . j jJJiJ 

•* 

^ 4 ^ ^ * t. 

yj ■ 1 jr^ ^*+J+m*AmA ( ^ ^ ^Q«J ^ ^ ^ | jbSLo.** l 

j%J 0*^jL*Jl ^^Ip Jj-^U <J^® 4 oJ^xl^Jl oLN jJl 7^0 ioldJl iC> jjl 0^1 

> p * * s 

jA jj Oj^ ^Ul JU- ^^3 pli_Jl Ju^J j 4 ^ a - a ^ ^ ^ ^j-® ^L>co 

^ +* 

jJLp! ^1 . JpVl iJifc JS J Xs>c!i ^Jj c~~« I j~Ji olS^/Vl u! i jJl^Nl jLi 

JJ*Jo oLUaj /»Jj£j (Jljj~*l 4 j«1>- y ^J| o JL»J 1 Jl jJs cLLai! U (_£-Ul j! 

> ** «# •* 

> 

I -j-A ijLvsjj . ^^v^jlS^Jl iiXJi ^jja Aj j—al .iL*J^I oJ^^Jl O’lj'y Jl tO j_*Jl 

bli . <d J>-T jii jJl^ USUI ^ l>Nl o!*£JLj! oJ15 J JS\ JaJ^ij! 

<• ** 

! ^ jj* ©j o^-^j ol t j«*/9 Si ^Lio yj;! Ul oj5 


Jj Jj, Jj^j Mte) 4 4 JL 3 ^ Lo-LS" 4 ^ dU.^ 

AP^.**aJ 1 Aj ^ 1 ^ .«. > ^|. v 2 ..o Lo _^3 jl L aJ-P' i ^jJl ^ 1 

^ ^ * ♦ td ^ f 

jl^Jl \Jj*> C)[^ ij^U aJI ^-a c ^ 

J ^ ^ 1997 ^jijJ/isLJ, j+j, 


to J 4 jJlU 




* f 




• j 1 ^ g-L^-Lp ^-® c>olj 

++ 

^wwwvul 1 0^ I J 


<_£->! 4^pL»JJ>-! aJooLaJ e J+ZQ\ aJl* ^y* O J&\ La Cj jj LoJC-P 


0 L»-jj t 4 ^ S j^JLiji c-Lw>-'!i/! cJtij t * j JlS^I 

g, 

y (*-f -a ^bu'_} j»^5L;l J*-Uj ye- Oj^ff J^j ^JJj £C j t yjwj Jj ol Jyb 

. Sl„j ^JJi Jl I y^lk^l U jk£ I i.l> 




1 1 j 
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6 - > 


aAS cii-13j ol L<>w 3 ^ijwL> t <LOjp ^£Ojl 0 LL«j>- jJb 

<_y* Jj-^J jUOJMl !>- ^Jl J-aJ ol ^1 ti~*_UJl «jb)Mj J-^ 1 -! 

M f* 

J^: ol oil j/li JaiUl li* j£J ^jJjVl J**; ol 1 N ol5 lii <oi dLO; 

*4 

£. £,****£ 

^J o ^a'bll <i ^jIa>- <^L>Oj L^Oao AjI j . La L A^O j ^-s/?lj£o p«9 A 

*• ^ *♦ 

^ i* p. ^ 

>>.ll «*>i ) Jo>oJj i oLwoJl 00ljj}3 p£jL>t_a ^9 A3 ^ 0 >t_Oa 0^1 I Lm»I*AS"I ^ jj 

t!< p p & 

i ^UoJI j joxj oJjI>«jI Ji^jJI I-Oxi c 0 j^UI UJLaoo j \~*~j>\jj !_■?- 

P* J Oj^IaJ! dJLJjl OJ ^1 'pp\ J 21 - ^ <V SuUoo 
♦* •* 

Ao>Jl ioj^o ys j^j j j_£Jl • ^Sheffield Building JlLJj-O 

P- 5^ 

. ^0 ^oJl ^Sl jJl plLoJ-v 2 J jl Oil J*£ 2jJ( (J jJl>cJ 

O^ojjp j £ 0 >l A*^%J Ol j-*P t jl ji O^L> ^ Jw^-^Jl 0 | 

^UslIjLj A-JL^Lo ^3 ^ 0 ->i j^jl d^lJ-*3 t ® O-> 0 ->sJl lO-A o>-L> ^loo^/l 

clLta ^°j t IjO-A o^^L> <jl o*Aaj N olo- jIju Lw> ^JlS\JI oLS"j . jISn3^M (J^LollS 

^jSn jSjZi J* Sj^J <lUSS . oO-i- pte Ji U 4 JI <y &\ Jiii 

p\ cJL-l o^j ol ^ UU 115 U A 1 pp _ Ij pS ol >o iJULJl 

*♦ 

dJl J^'j 

^ ^ jJ L A>t^j>c. ya.) I AjjJfluJl j ^JwA ^5^0 . 4j jlzuj 


J>5* y>^^j ol 1 IaJ ajL^j b\s (^ojT ol co5* 

^ ^ 4« ^ P ^ p. p 

03 joa iil^ A3 jajSj Ol . IjjISoI Oj>-I p3j— ^ Ol A»n^1j>- ^jJJl oUlaJa>“ La 

J5 iUJl J.JI o oi> oV ^ UULp 


> 


alp -0 y> ^ t oL*Jl ^- a j 1 Ajjli^ L« ^." 1 ) ^ dl j~°\ 4^>lo^ sjIaI 0*^ '^1*3 y*? 9 

jfcXA .^3 jl I > g 1 jJ ol U.s^pxOw ljojUjI oJ^p . ^wi^_Ol ^Sj^jl obJ^I 

^Jlp^ . *jJ>- OJJi ^ jLSJ «J^p» p-bl ^ Jui 4 _a5o ol 0^ 01 oJl& Jl5 

jaPa ^ Ijl j* k -— ' c <y A 040 OJ ol_P Jo blOL^lj l li^Jaj JLo»w? 

(,1^5 LpUjjI a^UJI ^ e-15-Ul Jjm-a OJUi ol Li jj« t ej^l ^5” j ^o^Jl Ula 

. O^Jl j ^-0^1 isp y ^ OJJi 


(*) 
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IjS JU 




.1 Jia c^L'/yi ^31 Nl^o Uj, ^1 (J ^1 . iP~J! oU?Li>-Nl 

( j->3 ^j[S Aj>*j3 O-jJb Jj ^y jSLs jr-g <L*-yg.J J-y2-2 ^ Ijjfc AjwO 

4olj_>- ^3 1)1 «/3 j 1)L> i oL>s_3 ilJtXS* JJL® ^ ^-Jl Lai t 

j^p * ox - ujIj jJp * LL » jl 5 Lj j-JLi 1)1 jl 1)1 cJLisNi 4 ^^ L >*^9 

^^>5 4j>- ^j>tJl o^LoJl dLL cJ*)Li>- c * j +h JLS o ap j-vwJl aj jhj Ow yu dl dLL 

. 1 vs< 2 ->- J^lpj ^^Ip ® t L & jj^laj 

*♦ •* 


✓ u f 


® . (J j-g ^ a ll )) ^0 (_gjj! c_A3 jpO jJfc Lv2_jI LdJlo>c_>o 015 j->-l I j^ol 4-$J 1)1 N I 

o-oLJl o--L>ol L^-LS* c^5 . ^dJL ^1 ^1 ^p LaLo-j Ij^-Ip cu^S* oJp J^j 33 
p-d j-*^ tor* o^L^Jl aJL jjiJl oUM*Jl ^ \ c 

>-T jlSo . Ua>w JUI J^\S <Ju^\ «, U^JI 

awjLjJI c^M-SLd^Jl 1)1 illjil ^^-Lp ^JlpL^J ol j^Jl ajLp y* ^jLSLJl 

** 

A-*JJl A-Ojd>t>» y P L$jl Jo t A^*aJL>- O l ^ 3 Lo ^Lp A_*J?li 

> * .2 

Lo iil^3^ J^g ■»*» 1 1 ya ^x-*-ygl oL-***>tJl ^3 1 Jjk di>-l LLi . A>-ll^Jl AdL^-JjJl 

oliiU JLj ^^SU-Jl ^ jUj aJLj^I oli!>Ul dJLL ^1 

. 03 ^X2J* 0jy^2J t-y+/2.) 1 AP l £: >S>\mJ OwL 

■Z £ f, ^ 

^o2j>cJjlj j . ^ wL^jlII 1 j-A jl ^*-*-* , L>- ^jl j j^:-o.ll (^wL>l 1)LS^^ 

ul^ liU oM'yi 5^ jJj ^ *-#jP- J ‘Uij-* 

Ju Mi c ,», g..^l.ji OjUi; U5 Li?- string theorists jL»j^/l oU^ial ^oL>w?l 

p 

. Jc*J Low^ 3 oMw^-iJl ^P Ijj2^So 1)1 

^\ y!& . ^OC^Jl C J A^j ^^Jl ^ js 1 ^ ^ 1 1 LoL*^3Lwa O-J^S * y 

1)j5sj 1)1 t^JixJl jU^Nl jUJl 1) JoJj?- ^3 

olS'j . ^dJ^T LiM^-l (^jL>c3L>Nl 3 Jo*jJ! y& Lall->t>» Awwwoij 03^il ^3 

oLU JCP CJl^ * yj2 Jt AP^ 1)1 ^^Ip Jl 5UI ^l^Jl ^P y» 1)1 ?^3l jJl 

«• V M in 

^ yj2 Jl AP yj* Jm l)li ^ jjiSfl 1L£JL* Jj>- Jl 5 dili 1)1 J t ja jJl Lg)os j^iipl 1) jiUl 
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a-~.L,S| ^Jl jJJJ Uij ^1 oMNj IS bj£i d\ - Lik^ _ ^ 

•+ 

L Aij 4iL-U^ isLj^! ^1 US JOJ . j_^Jl Ju> ►Ljjjiil 

theory ij ^Jl <L>-Uxj tiS IJI ^1 u j^Sl ap^ JJ6 ^ LiJai^j 

^ yi\ *. r ^i\ jV^^V o^\ ^ >Ni\ jYift\ jp YA* j 

. j^\ o^KSj^oi ^i\ Y* o^'^'' a\Ss^~» o\ \j» Jo*- ^\ 

%* 

*j lij l*,<g jI 0! 0^^ Li-P t ji-pl JL-*-s^ 4 (J^L^j Uj>-j 

fr 4 s * 

4*J»^*P ^Jj Ow2-Sl C^^U>E-^Jl <OJL*JL* <L*-a>>I J iiL^vwd l^jl^ Ju>- ^3 0 jjfc J tC C^jWI 

v* 

C J =■" 3^ £L>-^ iL^Ja 

jjlji jjjli JS Jylp IjliTj ^5Lj c ^iid 5i J>\ U-f^lj <*_2 Ij>>- 


^ P kM 


^3 U^LJL>^CLwuI oJUJl>- oUJiktf,^ CU3*t-Jl (JjLwu ^3 j-^iaJ <jl Jb ^ oL? j 
** *• 

«c-dot-over-c» (( ^Jb 1 C^ oUJli? yg rQ. > t.^..« J 1 4 yf.la *-» 

— ' ^ *s 

4Jcwo]| jy^-i j -* j <* <S^ CytJ ® ^ocJl ! ju* Ijlp Ji3 j . terms 

J^i-P ^ J^ 2- * <l)b LoJ-P t * j-s^Jl 4P j++> j**-> <W>b jJt 

♦ *2 * ^ 

OwL-ft 4 la.,*-) o J-$V-J ol oLl.^..^.Jl 4 ^jL> j^j^Jl 

♦♦ 

?L^-Ap lJ jXj o J j J j>rJl ^tjbcJl U j ^ jiwLo 

C i i i fl :* /2 XV l ^j^j*,^* ^w'a^Gasj l 15 ^^ 3 L.Wv^^rfpO ^ L/® 

Ui c Loji j j->&j US" Ul . L^j Lpj^ y^\ ys\j*j>~ <>-j3 aJp jJLuJI 

J^l ^ 1^1 U> llb^ IjS LaU ^ J Uj ns 

H 

ji ^ ijyS oJjli ^gjl Nj . L l^>- L jA S jLSo ts-iJijJl ^J\ ^yj\ 

ii U ^ W i> m J! ^i oi ^ ^jSx UU,^^ ^i 

^ (. •* 
i^'jy 1 (3 'jj 1 tyj • J^ 9 t^i >.j 

4 » ^ ** ' 


. c/c ia-ya.1 L) OjUaJU i Ai -Ul ^yi U^3 »- jj !il (ijS’) 
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ijS ju 


iL. ^ _ LiliL* _ i^iJl ^ Lgjk^y .kJL^i LljISL. L-IJlS'I 

*♦ 

0 ^CuJl aLu. ^ ^SOUl ^ L.U: JZ yC^ 115 t 0*>U-fJl 

*4 ♦* 

£. f ^ 

• 0 1 lo I ^ C 


i_r~^ -^-^jj <^i J^r^. Jo*' /oL~5 ^ 4 -i 

~ *4 * ** 

‘r ^ 5 Cl 1 ^ ^ C^^xpli ^Jl J^JI 0 yri y> U5 

4-~jI -li-gJl y> <uJb- 4 _*_>*Xj 4 a la *. < ^ykj tGoa I ^5 ^J-P L)jLjL>-I *_Sjj 

01 N! tiJl&jj s ^-*^4 ^UJI ^ I ^ OJ15 . L^-jUj Jl UlU 

4* *4 

> 

^ wb ^ 5 ^ W** SjjDI ^ L$S*}La 

*4 ** *4 

4>H Or* W^r- ‘OrGr~*^ Or 4 ^L^xUl J5ljl 

^ya OjU (J J-JlSb j-Jl ^-iJL>- di-b ^0 J . ^ J L^-^JbwO I (JLSoj-JI ££->jlj d->ljL>d 
. JJ^gJl ^od*> y <Jb>«Jl L-U 4o ^ pUsu L^ba j j}la.*ll j^Uslo 

♦♦ *4 \ 

£ * 

bl I c 5 ^i Oy'^-dzLj I jS | ^JlA>! bb> j j-*~d -ibbL*j ib~A Lwa^j ^y>-j 

j-^j t Fado 4 -JL^j jJi <*AJi (Jl^jLo ^ ^ . oJjJ-p 4_J ISo jj 

. jUJl Llw. jLSb j-Ji ^o 


\jZj Ssj^Aj . UjjiJlS' y i>y\ J~0j J^>- jjJl^J^Jl ^J>- 01 u J 

I Jij . Jbbjl J ^p3jla^>o.Sl clilSjl i^sLflCbJ NLj>“I 

SlJL^ J53 JJ- ^51 JLP I J J i^b pJl 

c-b^L^Jl Lgi?lJb jl5 1997 o j^o (Jjl I Ojj LoJllpj . c^>Jl 

> 

Ijb bi|ww*jjj5^ i jwbil j-ouaJl *j-v^ ^ '. Aj>~ j! 

M '"' 

^ f, 

^J-s-ai ^JJl blSbJl jJb dJUi . b j^Jl ^b>d! J lsyx-J)\ y jlkj 

. j i>-l ^jj 

! kjLJo- Anjuna U y>^\ 4 b)bbo ^ L^olil oJlS* 

^ •* 

all JaJajaJL j^~ jt J ^ j->J! Lai ^ 


t : . ti 
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yi}\ UJUUSj 4 <uU j]\ *Jal yJl Jp U-jUJl jlJL^lj ojj^^JI 4~s> ^>^>lSCJlj 

^ L sjj LUIS' L)Uj>x_>I La ^j~***\ La^ • L)l ^-^>*Ul j^jLUtJl^ oLyaUl^ 

^*>LSL]I ( j^<> l g ««, o ) ^<>_>*jJ Lg-SULc^ ^j_a wL>«J) ol La 5JI jj I jS c-j*>LSL® 

** 

. . . ^^ix^JL Ul j . <JjVl fLuJl 


^ c ^ 


<oU-l LU> j j& ^j-LUl ^jL*il U^j US' L>jwoj 

«* i *♦ 

d*ii J . O jjJ>t*Jl ‘LoLo'^l I oJL>eJl ^t)L_a JLw*J alAl>“l 4jjLJl >l*JVl ^j_a 

> 

jUaftNl ^^Lp j . 5Jl>JJ <w?LLJl <Lio*yi j^JL>cj ^ ,jy>- iU-UaJl LL^* j^Jl 

*♦ 

ujiiii cAJ^u-Si j u«i. a^o L^j lia Ulp oaJi 

# 4 p 

Simone de Beauvoir jljJj_> j3 j ^_^l <3^— L$-H LlpjL^U 4 ^ 

* '-fc^ p 

jj y» LfliS^o t j>J 6 \ ^>- jaS^j oJISU Lj3UJI o*)U>JI Ul 

AjUS ^«LP ^j-a ^j* 0 jj ojX>xj» UJLp AjjULSJI U>jI J aJL«J USj3 A.U-J o ^jlla 

p p > p p 

(*-$-’ ^£>4 4 aai <u>-jl> y>L~Jl £-*^4 a jiJ tcJLtil <_$4l 

.LJl 

vT*T c 


V j=J» i£l»Jl v *>l5aj UUJI jliJUl Jls> o j jllgJ! jl5 U I 

^ * 

j jJiia jU/? jJj . p-pUa-oJlj oLUJl JU-U L U?*-> iJb-&j U> 

LoUlP I IwL^j-JLa Qj£j ol ^ ^UUlJl <3° j-^Jl L^i A>tjl>tJl ^wu>^JlJl 

. oL>Jl ^3 c_9 jJU J^^La 3 IS 
«* ** 

^jjj jjic- si^Ji 

^ fr > c 

^Lol L^i ^ d j I j-S oLSUtJ -U*^ UJ Ul 4 o^l J-UUI ^3 ^ ^ ll 

> 

JLSojJI Lr^" (*J^ SLw>rJl ^JlSo^j t_^j_Lal 

i S i ♦♦ i *♦ ^ 


^Jdl Eustaquio jj j£\s^ jj Jllal ^ ^aLL^i^l ^ijJ^ oi^Lvai ^LgJlS 

■Ls &j j^UJl ^jUca Francisco j^Lv^Jl jij <*\j~S LJl>o j> UDuj 

** * 

^j^JaJl y^S* ^jUl> OolS ^Ul 5j-aUJl o^U^Jl i j^>- 
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IjS JU 


p p 


aJua?L*J Ot J-*-> U’-lw? i^woL>«Jl ajpLJI Ula y» o~Jl yJl IojLp 

is^ o p tiVH-Uu Jj 

“ ** •* - 

>, l 

• I jS oU1j*>- J5 JaiLyji 4 Aj jyO y Bairro Alto yJ! jj jL 


(#) 


aJ~J( oJla JJLo y UJu^i 0^£o N Ji ol— >y\ y*i Ot y jJu j L» ^ j 

y° ySI -j^L*lJo l^-A ( yl (J Jo 4 A^-.^ 5 j *,s2 ><Ji Col.5 

** *• •* 

a-^j-mJL Jws^jo ajl>-IjL« coL>cjij yL>-lj colijl ^y yJolxplj ^ y - A ^ o—® j ^\ 

4 jw»icji ^ i ^i j\ s y ujjj jU>l i^j-b t s yuJi 

** 

*Jol Jj • oJJLx-* Lj wioULwvj>- 0 y>-| 0 «Lo-> i_ - * ~ i 'y \ jS ^JLU 

<_0 • cr-*^ eJ 4_JU- yp Ol jio <JjJ 

‘C^-Lp!^ 4 fJgU J ^J^i»>c_j 4 jjj^j A^Uaj i." • " » ' 

<J dJO, 'tf « . ^ jilJl c» oUJda-A* JLp yjl ^ l^k ^-LSjI y l^J 

•* •* 4 * 

. JiVl y Ur*- j U^w? dJUi b\ Nl t y Ji*l 


p . p 


^auJI <=*>Uj! Ji J^b>- 

4-5^ 

* 

oUb*- ^*Jix~o y oLwJl oljj^ y yyuJl £yjJl g-LygjOl yl-P 

c^L?“ j ySl^ Ju^J^jJl jL>=_j»i JM>- y# yi-p^l y>*J Ly^p ^Jkjl c~J*S 4(1 jS 
^ > 

01 ^iaJL lijil yj yy>*Jt y« ^ l^lJc^l L^U.Ug y JLs^jli 4 ^L^-vJt 

J^: 01 \l 4 jilJlj JlOyU JL.^1 ^yUJt jJl jLj N 015UJ! 

j^j * ts*^ c? 5 ^ Oj-^Jl 4 3y 0 L® JLJil Lo js 

& •» 4 * 

A-^O ^.^*03 4 j^O-Pxj ♦ ^-LxJ 40 ^*^ ^ ^ 40 *^ 3.*.,1 

3 

® . J-OOt jOaj Ji J 4 O jJjsOl Jw^JJ>cpO J5* *1 JlpI ji 

^ j ^va LJ D | AP'^a^JI Aj J.ia >j 4 O'V Jo>- Lj Lp^A*<w^o 0 *J^>J 4 ™ 0 J-P 


oiia>-^i« j 0 ^ oJi& ii y 0 U 1 ob Ojy ^ y o*j 

Jjlijl ALic- ^1 yN\ ^.LfrJ J, oUJ ji 4L.ja (J^ 1 


. Jl>J 
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Pj) </>ll ^-O 


t \ jS olii^MJl o 4 UuJu>- lj ji? cJlio JtS 

¥* •• 

Oj_SL> ( 1)1 L» <\rH <l)Sll jjiaJ Jj-4-5' ^ ^ 

A_^L>tJl ^IpU! C->jLv^^ . I ^ ~ >L*/? j Jw^ ^j_P jJajJl ‘^JL*JL>- A^ws^Lj j 

.x^-JL^Jl ^3 l-\_j wL>c-j jJ-S"l lilil j jjl]L> LlpLoI ^zSjl.' ^-LjI 
^iJl oAjJj>sJi aJL^aJI |*JL*^>Jl a»aLl<*J! (( AJg^JLwoJ 1 c^ U>gJ-ig. 

. j ^-L~JL La 

c Ub»- ^JLp l ^ */3 *j ^jLi (Ji ^ * * 4 « > I *-LaJ ?C O W J-*j j^Jo jJ ^iJl La 

A ^ y 

LwouLxl |JL^» IjL^j — ASUaJl JiLL>tjl o j^3 (jl J^L^-LS otp»L« La ^ iSl 

%♦ ♦* 

Jl «. j^aJI ip^ jl SI ‘ J^i-i ji_i _ j^s- (j»li!l j jiJl ~L» j*J-*JlJ 

. jlJj jdjS jt SiUJU 

<y . ^ijii <>» j£3 4 y»Vl tS^L L>^p IJla jJu> Ji 

** 

L)1 -P j^jcSS {jg ji>*l A-Aj j-L? j-A La AiUaJl JiLL>*jl <1)1 (1) j-flJl ^LLsl « 

^jjL^Sh \jj* pJJu jl jJ^zj .Lji ^ U5 ( jaJ jl frbj-iil 
>1 <ul5 UjJ oUaJl iiU>jl p*i. Nlj c^jIjlJI ^ UkJU 
4 uniformity of time j-ajJl $\ J^>\ ^p ^1 j-r*-t ^ ^ ^il jJlj * ^wJaJlJ JjjL>- 
N Lu ^ A,^l Jj\ji ^ cdUJ5 Jj* ^ (JUJIj jr*^ 

^ J 5 ^ ^ 

cT 5 " oLio^- Vl ^jA L«J • 'Aj' 

<* > II ** 

.aiui iii^L 

♦ 

ji ji? IwL^Jt I Jjfe LJ ji»- Ji I) 4 p j-viJi AP jk^JCj 4 L| 

A-JLtiJl AjuwaJl aJwv^LLp p j ^ !l A-P (1)1 Ajj-^A>Jl j . j-^ijJl 

*« . 

dJJJJ .i^uJi ^ji cj^p jl jl. jiSn (. li\s a-sVej^ai ^ij^u 

^■jJiS\ ^Jl j-i! ^ Ui . LoLj iillaJl JiU^J! S jr 5 ^. (- 1 

. ^UaJl JJLi>j| SUp ^JJI ^US/I IjuJIj Lw ~ 3^kJl 

.^UaJl Vl itjJtll ajJ* J 
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li JU 


^yUaj^tA-4 4 Jg j-M (JjI jJaj 4^ l>w>lj J-Ujl IJla Ijlp 

*♦ *» •♦ «• 

Jr 4 jJ c3^' o' ^ J • J^ ' J> J* Oi COd 

jl Aj N Ad-^Ldi' ^ — L«J ! y* jj>J| OJJ-oj y* JdL • J^r 3 

0 'j tjlSCojJl ^yJ jjjj OiUjl o' ybJoJ O^lxa ^JsjGj . jjjiJS yip l^Ja^tA-* 

♦* 

^ p. ^ 

o' ^>*j <bl ^p .energy density <iLkl( Aild ^lw>L^ ^yyiSt ' 0 -a 
^ j tBianchi identities ^^SdLo oLLjLLl^ y*_~J c->LLlia_*J' apj_o^o 
4 1 + 1 —2 j_$ Oj5p i fl j jp j 4 <5L*Jl <L^w%jJL> IgJ ^ ri . .^1 ij o 

L-l^u ^ycl\ 015 lil j50j . OJ5 U^. 0553 £} ^Ujj 

aJNa OjSS Of 3 ^ liUi _ J^O»Jl <JaU. _ iiUJl 5U5 *.» 

. 30 JiU>Ol o-~J ^jJI oiA 01 jL; ?30 3 ^U olilk. 

♦* 

AjI y*j 'Aa j ^iiiys AiliS ^0 <_^Lo o' \y dU O ^SL !i]jbjj 

yo-~u U jp J_a ^wL*J( dUS j-A U . U y 4 j 5iUaJ' Aids* yjL^ 

*» •* 

> , 

4P j-^ <j£jl j-d OoliJ' ' Jjfc Lid y ^proportionality constant ^w^Ldi cy L 

♦* 

-kLUil ^ oULlk* 05 SUi Ltf 4^-LJ! vL U 05 liij . * *0 

** «• 

6 dA oL (ai>L ap j +» y^> y-' jJ JLJ' j-& Lq*5") LjU ySo yJ ojo V AiUaJ' 

'A-A Jd>J'j . 4 JU 2 J' J^Loxj' OoliUaod' 

dU Aj^S”^ L l)L 'dA ^ diJ^ /y f" 


w f. 


i 4 ^ 


O' LLo-s ^ 5 ^y-sdiJ o j-dJCoJ' ^P j-wJ' o' C-^JO>-j dSy . ' jS ^yliaj>“^)La 




iijL>OJ V AilkJl o' o'j^do iodU^gJJ oLj> 00> LwoUl oLS* 

j' wLL^ OjJj>oJ Lo j^AJ ' C^Ldwo>xJ' Ljjj>-' LoOJP j . 0jdCO>J' * J ' ' AP^^aj Aj j la * 

-LUjL!^} Ulily ^ ,dUS^ J^UJI 

. y^U cJLldl ^J\ «. U'j ^JuT 
^ •* 


La^ jj>c-t OySvJJ ^JL>j>-^/' aSUaJ' ^ aaj j_L? o' Lj'V^Lc* o 



p ^ ,s-\\ | 
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j^5 xJyJ <u~iJ Jl* «.UiiiJl SJliiJl cJl5 bp . *LAiJl o-ji 
JiOPl £UiPl £^1 blj i j_p3! ^ ^LxJ iiUaJl Op tjJUoo 

o j j) g A ^ li LkL*-oJ Li-k^ . *\ jj>tJi ^jji jJ jIj LsUaJl dk 4 Oj^ 

d^Skl ^ ik£]\ fjj IkgJ J .LiUklj kkSJl ^ jitSk lltiA E-mc 2 

. ^^oLoJl dj^Sk ^^3 La-LJ^j^ 

LiliS* o J^k*-<>Jl 0 jSLSl dl jSj J 4ilk*-k . 0 j-JL' 3 dlk ^j-p Lioj 

j jSJi Juk> UjCvP j . ia^j^Jl 6 jiLJl jk<J k>- >>Jl AikSJl jj* ^LpI Aiks' 

♦♦ 

j\ ^ JiOO _pb bjiOl Jjbj t <cxlxS iiliS - ^poli l _p0^x i oll» jkjl 

^ ^ _. £• 

4jjLiS' LsliS ^3 kLojI ikA^ 4 Lslk 4— «..««».« ,^—3 dj-^k L«l . ^ y>- 

iikSkl ^kl ci j ^1 ^ iiliS3l j jSk IJL^ j ^5 ^3 4 JI LjIj k£J . Ufljl 

** ** ♦# ^4* 

op t iSLUl iiU^I Lu* ^ Jobi-Nl 0^1 >Jbj t OJJjJ . b- y>Jl 

■** 

*_3.Jb O-w0>o O^ ^-> N Aj>» j>x . Jl C5^i AlilS" AiliS ^3 f ^y3.£j i 

' ,w ' ~ * 

. 4j>- ^ p>tJl iJLxJl ^>tJ Ju Jl>- ^ja 0 ^Sk 



£, j ^ 

N j j-«l iau^uJl J jSLJl dk t jjjk-wwJl Ik* i^j>- j^jj 4 oil 
♦* 

ip-^l iillUi ^ ip jPJl libSPl c~iki- 1 bp . JLax^M jl^ 0 jPb 01 
^0 ^jk Lo iiUaJl kLjj>tjl ck-P 4 kl j 

i «> “ > t f. 

Jk jk <U3 -klwJ ^1 j ^Ja^aJl *Xfl5 . <>- j^>0l 4 -^v4jI p-b - 

0 ^ j . oiji^-i J-j>- 0 jiP 01 ^ Nju <. ^ ^p-Sh iL>j^ji 01 j^Sn 

^ £ 0 f* i 

i_ A - > *V ^tia^lJJ I Ju Ju>- kkilSI <13 L^3 . Ju-o ^ ^ olLoJi kjla 'V ia.^.I-<> J 1 

L-flJllajI o| k-3 ! o ja\J^ ^3 Ul J ^ Jjl LIS' a\q a \ ll c>Jl& IjLipI j 

*♦ •* 

jjJiJ kxij kskiaa ko jSLJl jUJVl Jo>-l 

" a 5 % 

okA ^*Jsj>- ^3^ . kSkibJ ^-A j) L>-3 I S-A wLs oo 

^ k*j jj Lks 1 ^ ^Lp Lk.p?.>- L I LJ > 1 ^ JJ I 4^-iSk ^3 kj L j-k I ® 1 j-k 1 ^ 
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IjS JU 


ja Ju> 1>\ jj\ 1^1*1 jlSls p\ J LlLd LJ5 USo 

#• 

. oLa*-^! y* ^ y-* _x^ yip 3 ** 

^ydl aj jiajJi • oL»Jl LJLl-o L»*JaiLuk>l Ul ^y& ai^> Lo 

yL*uJ 4j>c^ij aj> oL^Jl o ol cJ !■-<»-*■>■ I y° *** a ^y^' 

* 

^y I j_3> . L^-LS" 0 6^^-'° LJL-La j ^ajJL j yJ| l^-«^2-L>* C d-otJLll A^w*3 

ol 1 M i^Vl iJl Jly- ^Jl v^JL 4JJ Ji iJLliJl jliftl 

^y yiy>Jl ?0 jiCJl Jbrj : JiVl yl* ey J 5 aJU 
** 


. * 


J 


-*» 


aU 5 JjCuJI ip^Jl 




. f, £ ✓ 7 . ^ 

j-X 6 ! JX j-6-^ l5^ <->^5 

OJJS olio sSU- ^s. \1\ \p-\ U cJ ii j 1 1997 p y Jb \ ji j> r . j 

”ji" yj> 0»>Jl>-l Ji OLSjT a- J.^>n a ^JdaJl ip iJLwwo O-olij t U Uib 

•4 

.y I y&L* AJUl ^ ya.it L# Ij-JLS' Oj-^ai 4yL>JLAl yip oi y>c^>li 4 Jl^Lo 

Ajj la « ll LwaLAo yo LlJ y-la L>y 4<jLyyJ A-Jj? ^y «/? ll ^sS^a 

f-llj'y I ala . aJl>- Jd ^9 a jdaJl ,*JLx^»Jl y& Oj y> ( jp- LLolSj 4 a Oj JL?*J! 

Laj^b (*-$-*' LajW- daxplj tiJ£3l Jz yH I Jb-j ^d-*-! ^1 

»♦ 1 *4 

jJ-o ol$v3 JJJl (Jl jJa O^S” 4»JUa ^ybLlol y-»l cLU^iS* . jljJaVl <-p jP 

AjL^JI JCp *y Jji a^jIj LoJCP j . Count Dracula M j5\j* oJ j5lH 

j yc^Jl 4 L>-L-s^a A-uliJl apL^wJI <X\j jJJ a-LLa-oJI 

. aJLajJI yo>c-^ ^5^ t yl i3 o ! Jo ^jjXoo 

*4 ♦♦ ♦* 

4 1 Loi ^y ^ c^L>r la JL ll o JJLo Cr 0 -? 

yJlyybU yy ^liJuL jl^uJ j 4 M*i oJu y oJl^ oiJ^ lit j 

^ ^ p p 

P'L^_LjtJl A_3 Ua 1 oJ^L^vOj . y aJLj jJa AjljL>t->a 

AaLaXj Cj 5 Aj ^ySsjijJ I ^ jL>t^J ! -L*j ^yJo*J^ 
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j_a \jjt jlS* Lo->jj • . . ^-liwLv^V I £0 j**3 J^Sl {j* <* iS ^-<Jl 

£* £. 

. jL>sJoNl bb^*/? Oj^t. w2-> Lb Jl jl ^ 

*♦ «* 

i ^~ a '-’'j Jj-LJ jlj~~ J^> OjS\ jl o-SLijl J?\ Nj 

^aJl j->- ^3 ipjliJl oli jiaJl j-^pI 4 J-JJl cr 0 ® ji*-b>3 i-^b^ ^ C-wwJl 

•* •< 




(■ > 


jl ^b^-Jl j*J^j N b^j^Jj . ^ j^Jl jJ-oJl ^ 4j Nl jAi> j^ 1 

OJlJl ^3 j-*UJo ^yJl 4_JL*jJl OUUj>J ^jja yA ^A jjuJ la «*J ^3 £Lj>-l 

t* •• ♦♦ ** 

O^- jl ^1 Jil-L f-Ul L^j Ul J$\ Jj . oUUJl J jUi X^\y> Juy 

Uj>-I j5bbl <z~sjla ULa yi L ji : j ^Jj JjIp bl J oj^ 3 c ^LUl jJJb 

** *♦ *• 

^^3 5^^-XaiJI AX^Ji IgJloL ^Abjo 0^l3^X>t>>Jl »jJJL 4 oL>t3 ^^J2J 

*• «* *4 

Jpl J*b*Xj AjISj ^iallb ^Jl (j Jj>tJ l_A J j>“I ‘wAjIj ^ ji>-lj AX3 (j-oj . ebb LgJbJLl 
kAji.Xi^' j ^ la « I 4 L^t^o 0 b«vvo ^3 4» /%«j 4 bl A»wLjJ 1 ^ j b I ijj 3*^ 

^3 4 4^^. I U-J I y^A LfrS j-Xj 0 y+/3m*J> Xm^ L3^Ja 0 l_^> y^“ I -U&.I ^ 

♦* ♦# 

#-* 

• ll^-Jlp s-lj^ ^x_4j JLoJ aJLIaa <CjJL« 

0 %-^iJl jiaJt jjk aj cJJcJI to jl5 «iJUi!l» ( _ s JLJLJl jilj i 
•* ** •• 

4jP <JwL*-d 3 -L>sJ ji bvj-P jL? 4 jb-oJl ^i-P . 4JLwi^iJl j SjJL*_oJi 

ip j j ^bV I ^^9 bl j ^ JjT — b5j . jlicdl I j-A <Ul j ^ j^.!l 

^jJL ^jl 4»lb jLj ijo jb j jjLU ^jVl oLbJl JLLP A-j j_S” i>tjb>- p H 

LaJ— P O^xj Aj>- y>~ 4 SS-x-a ojl ^Jl 3 j J-Sb!l ^ j-^3 

* S <* »* y f, > 

L LwJu b JJ */3 ) J . A-s^jb>t-L* A^-3 ljl>- ijLp 4-^3 /^o ob>t3 P- j-bbl APj-*» 

^^baJ-JI ^0 Xs-b>“ b^I jbo ^1 l-j ^ il phase transition j jJaJl jULotS" 

3 j^jl ^s»jX<jl j yS* Jji ^L<jb . J-^J>clj! dJajJj j^3 U ^Ji\ Cjl y>t Jl A>-j3 

jLSj 4 ^4jjbw»> ilb>«-i^j j_Jl5b ^j-w*)l b^-3 yS * j ^ ll jl5 Ojl A->-j3 

bj->-J jij . ^»jJl 0*X^-*bj (.^bJl W^^^laJlW ^jj^Jl A yj2^\ !j jiwO LgJwO J^b^l 

Ja — ol “jl J_j is jir^ o'yLaJL^-l ^j-jo l»L?-lj Nl ( j^«J IJl* jl JL*_j U^j 

.^UJI cijJl ^ 4* ul V! .oVU^Nt 
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>jS jy 


C 1 I 


*M 

j jJaJl (JLaXjI ^Lp j-0> OjOJLP ^j3-JL>eJl jLjO*-N 1 otS"j 

* j»J> ll ^3 j jJaJl (JlJLXjl iJL>- ^^3 4jI L>J_?-jj . J^Nl iL^-JL* Jj>- O-SLoJ 
*• ♦♦ 

C >cJo 0 1 ^ j^jsJl ip j^wJ Jj ^ i cLL^Aj io jl ^3 O 

iLol^i O^^JL ol Lg-1 0^ 1^1 I 32 4 ^-Lj 1 ^i»P 0->J-> (J w °^*" j 

cS^S ip^> ^ C/f-5 300 1 000 ip^* 01 JU^J do5 lili ,L~* IStSi^l 
£f\ l/ I Jo* j tiJU- ibU ip^ ^Lp J./?>*j i ji-s^> 32 3 Jl*JI lJut> ^Jl ^jL2>li 

0 ^3 ^*501 3Jl*J| Ijlfc U_i_3jl JlS j . i> jJOa^oJi Jpj J- 0J| Jj>Jl jJt 

** 

ip j-ww OJut)0 io j! ^3 ?• jp.^.]' ip j^j 0J aJOUJI oNL^jl^-^L jJ>~ s )1 I U j^_£ Q.*.«.>- 

«* 

^^vk> iil>ij>-l 5JL>- ^2 Lo^j j-<Jl 0 ^SOl 01S* Oj jiiJl a0> <^^>* * ioL^O/ 

w t* «* 

^^wvJi * j*&\\ 

j jJaJt cJLilji ^jJ>- 0J 0* 0 ^^Jl Ol L*2 &jI IO-& 

l 

wlxj 0->wL>- OJJ-> Ol j^-$Ol jj^>cj OjOj>~ ^>3 Oj>-j 

0^15 

L^O^l j-OcJl jljJL* 3 L>*j 1 ^3 OMl S il LwvwoJ 1 
AJ>-j3 Oj^-ll ^3_P J^O_0l Ojl jOJl l0-& ^j,A *0 j ^^s^aJl ip j-v*^ ^3 <3 j_v<2J>“ 

4* •* ** 

^j| j>Jl ^\ L^l j . jjla: xj\ jj* iLiUwa ^ iiLSOl io^LJl 

. ^J-sVl iL^Liw<J Jl>- ^1 J j-s<^ j-U L)L«-a^3 ^3 Jl^3 <kj U->- j>~ ^^iJl 
L^J| liLOi^ iJUJl l Lgvp j--jo 01 l_^->«-> LsljJl ^ j-viJl ip j— *> 01 130 j>-jj 
L. Juyl ^1 01 Nl c2]lJ0l 0U3 cJ^J ^ ^ . lyL^ 32 ^ /51 

. 433 1.*/? >*0 1 j/^p 

Ui-3 t. JlZ*sS\ 005" ^oLol <JbjJaJl ^UJl OJ-0 3 I JJLfl! x-A . . . IJ^v-Aj 

*• •* N b 

^jj^a 1 bjiLiSI oi liS” Ul ^ 1 1 j . j llg.:.> 1 ^ o^j Li^t)iw2-iJl 

J?La>*J 1 iJLwo ^3 c->'^f h >O0^l CaQj 1 * jfr .v2> iJ 0 j-Ajii^Jl ip ^Jl 01 ’ 

#• 

o j . jiS/l iLSOl^ ^Jl isL^^ ^J^wjJl il^JLa jl5 IJla 01 j t isliaJl 


^ ^ J^u\ 4_P j— Coo <.jLj> i!j J S-i. ( \±J> jU ul 

£>ij . { j&\j*j>*y\ 
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£ 

o^^l o^U Lbo» j^~+jii L^o* toLaJb^LJl oJl^J ^ oLpIOj L^ui 

. ^ ^yxJl Oollll Nl 1 b jaa^q JljU lo^-l j I^voxp ol 


* 1 ✓ ^ 

* ♦* • * 

<J* ^ 



(*) 


ip^Jij ^ jjJi ojUi jj ij ^>y>- j ajIjlJi o^s" 

J^lij J'o~- ip ^ oJ^i bts Lib £*j . Oj£J 5 JL iiJl 

N iijC vacuum energy pI jb-Ji iiUp JJaJ ol ^^a-Oj bLJli 4 JSsSS 

«* 

I IsllaJl *•— ~' ** i LJ L_>U I^vsi^p c p-J ^ aJ! La oLp ^ 

Ji\&\ 213 13 Ui J LLS ,1 jjJl yU, ^ ^cJ! ^SL^J . uO iLu J_pJl 

^ f. p 

j-4 jjyu c fr ^Jl ol Nl . Jl^oJi j t <pjoJ ^JJl ^^jo^Jl 

iili? ol L A y^ w 1 1 ^5 LjLl j g la, I p j-bJl ip j^>» ol Ji>-t)b t Jj-*s JoJl 

p j^z Jl ip^ c-objl bl s\*y pI jiJ( 
iSU> owaJ^jN j^iJl o^SJl ^ *^jJl ip^~- i JAiJL 

4 4pIa*£Ij 0 J^Jl O^U ^Jj il iSUJl 0 j-A OUP J 4 bU- LvPli>tJl p! ^>J| 

— ^ ^Jl ^Ja^wvo jtJ U jJ>o ol * j-^aJJ a ^JcuJl ip^Jl ^jg:„.aJ dJUJb J 

5 ^ 

2JUUJ j 1 l JjjkJl iSLW r^A ( jaL>^}\ jAj '. 4ii>o _ ( _£jL» t ij'y! ^j>- 

JjuL vwIHj N »l _^>Jl JiUs jl ^ ^ jiL 31 c->Ul JJL~a sJlaaJI jl ^5 Jg 

«* *# M 

ol -Ij N l-b^Jj . ^L^oNlj oLJl i)L>- ^ LJ li*>\_L t j-Jl 
^3 aO_*^j Lk-o L» t. 4S 1 tO^JJl Lr^ iiLL ^j.^>..a.^_) 

pj-saU o^XuJl ip j^Jl i> jiaj O jij Jij . 0 j^Jl SUL jVl J^l y Jl 

Oj^Jl ib jL l o jiLU oL ^Jl p! jJ>- is LL? ^1 J^j^oo t L»Uj iJVl oJl* 

UwIp-j ji U . ibojoJl ^p i^Ul iXx^Jl JLo^-I Oj^ ^ j-§Jl ^ ^Jl 

. ^ij^Jl OuUl ^y ^ys\>c]S 
•* 

115 Aii ‘dJL! l*ij^ ^1 itLOl ol^ jj^Vl ^ ^ JUJl 


6^ai^ <£ j~» ^ Uj jJsa £~o y\ j>aJl AiUa t j-S\ 55jJ ly*J 
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JU 

«» 


Ul> J lf\j tUu Uiuj UL^ j£\ jA\ iJN! ji •jJ’jJL. 

' *♦ 

^Ujn-Lp Oj j 1L U-l I iiSUjLa *j^a |jU>-|j 

•* *T w 

l) 15 iJaijJ! ei-A <j->Jlj . <U-s^L>j! i jJL*Jl (j^Jua ^JlP oUw^Jl 

*• 

— La Jj>- ^Jl — ^-A * J^j2 JJ 0 I 4P ^Jl 4j jJa_) jL j y*^S) UL^I j«aU>cJ 

*• •* 

oi>- jl J^L*— « J j>tj US' w\_A3 ^ ^JLSj^pJIj ^*JaX«Sl ^ ^jj y±j 

<l^y>- ^j-a J-A La ti^L^Li^Jl ^jjuu \sJ}JL>- Ui ^*J>TL+10 • < jSj^t 

> L ■< * 1 1 (J-Lo oL>ti * ^sAJJ Sj»*Jc^oJl ip ^*Jl o 1 *Ap Lo-3 jjb ^j>«Jl 

° r^ Cr^J • ia -*^ ^ ^ ^■*i¥i^J o j^SsjjJ i oJwA oi uju>-^^ calls' 

ijjJaj Xai Jl OoLlSI ilS^La J>- j_p ^jUoD^/I ijjiaJ 

. Lg-L>- ^3 * j-saD 0 ip 
«* 

• jJUJl j_yrUJ ui'4^-* ^ 1^97 jJ jj ld\jiy~ iLfl £*j 

o j-*^5 4_*_^_S LLjJ-J O* j 4 ,».*Jl ( j_a | ^JL*_a IjljJLa LjJ»>t_j! JLiL$ 

^Jjl lJu SAJIS' j c 4 ^La oij J;1 J+ jS\ L <1^S Ji!jJ . ^Ua^^UJ! 

• * j-mSlU o 1 I ^ ^3 Lwo^iio I toA^ - i^^ 

** 

j*** 

r-f\ J '-rr* <jj^J • Lrr'-*- a V* J^ 1 -; c5 J ->' >^ M tlr*^ 

7" ^ * ** 

UI ‘iS'^^l La^ . Up J j-*^a W&P^-a ^Jjljl jLs < 2-3 <UL>- t^iLljl 

^-a * /? ^ I b wU I ^P* I A_ Ij ) I 1 U^j ^0 i / wXj I <__3^_^c_j jl »*^ws3^ 

. l^^Lytfl 






VSL * o 4 -p j]zu (jl X>~\ jSlJb 3 ^pI LqJUp 

4* 

y^yl^y.}*- yA **-As^Nlj (j^Jl ^ 5JL>- (>- o-Jj Ji 

1^1 ^1 • L^J X>- ^ j-sU^j ^LoJL) cJU jJlj J^LjjJl OJ^S* 

OjISj t i>L^_) wU ^ (jlS wiiJjJ ^ Aj JjI <oIx-*a> U j JJ oi ^ (JL>- 

. <L-ws^P <L>- Ujl]aI>L 

aJLlJ N <x* o^U LjjJ o-*-<»j^I !o\jiy>- *l^il ^ ji ^ j 

L^i ^1 *Xa *'j?r ^ L?J^d ol J->Jlj . oJ-P CjNULJ L SJL?-1 J 

** ^ 

>Sl ^ iJLiu ^1 Lj*J^I 5 ^uJt ip^jl ii>J JX\ J 

& 

lj jl™^l ^5 jj c U 1^3 3 Jj>J io J^o ^ jl JJLLo 4 jIi5 j^Jlp lj*«^*i . ^Ji\jyj)]\ 

■ kj^ o» J* 

p ^Lk?^ c5^i “ — LiLkjl j-J yj / j jm 

** ** *♦ 

i f - f ^ 

jl Oj . ys* j~*>\ oXa iJliA Colorado j^IjjJ A spen 

** 

p ^ 

oLiiLJl j\ ajui : LsLiu-l t y>^» 4.»JaJ _p^_ jS^I 11* 

*• 

iw<>jJ ^l^ip ^ jSii I CUiip J 1>J| ^1 jiii- Oi £-*U^ $ J, 

J^ol iJ jlSoi! Ai A^*" 0^* aLoJjJI jJl J-P jJbJl ^Jj 
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f. * * * t- £ — • \ * 4 . 

p+A ^ >b*3 ^jj.Xsfev® 4-<L> Jl ^ (^wXjI 4 L*»j3 Ll* ^jlj 

£. * fi, 

OjJai. AiMWj fl J. ^ ^ ^3 W k_ „ *m*^3n j>Jl (JL^>tJl jl 4*j& ^<>Jl Ojj-ioij 

*♦ 

o jaa>kj j t ^vL»L>tji S jJl c->lj O'-oL^-M 1 
43 j j^coJl 4^o ^4 S/ 1 C3L*^l>«J! (1)1 ^Jj . Lg-Ap *b> ,<>Ji ^-£^I-<>P'I 

! j^jJt jl^sl ^ja c.^lnS'l 4 JUL 0 elites f j-^ 


<r > 


5 ^JcuJi ifl— ULJ L*L* l^y [+>] ^Jbi yul 

Jij* <j* Sfj! U — ill jJ\J ^1 i>-UJi ^s- 'yj\ <SS . ,jAijC- jj^r 

http://www. astro- J-^i ^a ^Jl j -« J-?-l jP-p L 

*S f. 

jvj t J^jJl lJu Lisl* y LL>- jlw> j,!! ^poI JJUii ph.soton.ac.uk 

4 — ' 

• °jij^J Or - ' 

C 4*w«ll>tJl 4 ^>kjIXj 4j c_Ajj-*Jlj OJ>tJl 4 jIxS , <C JjT ,'j <p 

. Jj jJ 4 j J wLoJl t ^yUi>-*>Lo <bL* jLj->- ^ ^ 

** ♦* ** 

^£jbl £c_w?l oU>^9 j lojUjM IxSj IL« 4 jI Mj^ t L^sLj dib IwU Lojj 

<LuL*j ^ JJl JaJt-^aJl 4 jI J~J l ^3 ^i-lb Oj^-*3 4 1 J*SL> ^lj-<Ji 
> 

ol li-w^i lLwJi» olJU ^1 Ml t ^ uLp ^jLJ) Js» j^UJl ^jbMl j-Jj jJl 

*♦ 

.^Ui^^i^Mi 

iUI_j .U5 j-— i ^jl ^;_,iUt. Jj-f i »A» fti Ls 

^jj>cj LoJ^oj . ULLo ^b^l bSv<>j (1)1 (JL jy>\ ^^3 o^j>-ll« <pL- 

4jL? ^3 li c 4 „/j? j U_P ^ Jjl ^c. v2_sl W jjL>s-A ^-^2^0 ^3 0 jA U*LjLp (JjUjo 

. 1^3 jJiJl JujcJ oJbo 4 j>-1>xj 4jIj (, iJli^Jl (1)LJL>- 

^0 ^»L>I Jb*3 4j| <*_3 j-pl t Uli 4j>-Li« jl 5 j3iUaJl ol& (j^* 

4 J ^U^Jl L^iLo oUj^- Jl j jUlp'MI J-JlS' 4^ip 4 JH 0 ^1 

J^Jlp t> l^-P' ^ 1 1 4^10 4^jLJj 4 ^wu2j 6 4jJ>“I3JL> 

^Jl_P (1) I Xjb LlL<>-a-j \ UJcb^o jl5 Lla llj23^a • ^j-^UJl t)b» 
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y*j ‘•^y *^.yy oL^j jy-£ C/y 1&**- J**- 

** * 

Hi ^wL^j>c 3 4 ^Jl (_S-LT HjL>b-o (Jlio'y Lo 4 — ,-.. mJ I lift A A*J J 

Hi jlSj . HI jZi\ i \^S' diilj LowUp t Jl*_j U~i aJIp O-o Jj j\ ji 3LLJI ^^Jlp 

l)L LLws>-2 Hi j[S J t i j-a J»*j Lo HJLLo ^»)wLAj j. J*-L> 

^j-a ^Lju t j ». 4? U Oj-AjjJI ip A j jJa_> ol HJj j 4 ^-waJl 4 ^ww^j 

** «* 

lift ^ylp ^0 jJ jLSj 4 external feedback H>-jL>Jl HH ^Jl ajIHI jlJLii 

A^3 V « 1 A 0 ^ 1 - ) ^ * ** ' t l/> ^_J_] 3 , g**-^*~ 

ol Jji J5li • 0>-l aJp ( *Ik; N ^^UJl jJUJl ^ v-PjA*^-* J>J jJl 

l>* °JJ- LLa_j o^LjcJI a 4 jJz- *y,\ j^J! I-La yis- <u>^>- 

^ «r „> (• 

• cHy a 4 a-L>- Jl? jjp ^1 jJl Aj^Loj 

ur^J t>!J crd SjjU^ jL5 oIa jJScJI 2-U-li js- ±y>~£\ £j y*3 1 

cH>o . AjUa>-^>Lo ^AJj 4 jIjI i>*>Lvfij Hj j->c<Jl Tom Kibble ^ jo Hp « 

*^.jJj| AjjJaJ JjJ-> J_P iXvaj (^Jjlj ^1 aJ j-i-lj 4-^£-a ,*£ A-J-P 

ISo^Lsi* C-w<i-*-wA- : J (( • ^jJl ^j-P l^JS Xj * jj-iJl . ^jL^sjaJNl 

<l! ft . LoLoo (J Ijjfc)) ! cJLii 4 I iLSLJLo ^ j*S>\ aJ ji i 

Jil lift)) : jUi 4 5 ^JcuJl ip^Jl AjJiu y> LiMSaJl jiVl USlLo 

Iw^woj L^-Ip ^ j^-L.o i^lwLl^iJl L^i ^ i3 -‘ *l LowU-p^ ® . U 

. AjLkp ^ Ji j a^51 Ip . oL ^ lit 4 iilkJl Jili^l 

aj ^ iaj ji 3i n§-o ^Loip ji Li ^ja ^jL^-o ^p ^ jjT o jj >- i 

^j-^J |>-J ji *^l->-li 4 7^-_^l ( /^jj->- 1 0^1 ^Lip ^-0 p o A_P ^*ll 

. olS* L^o 1>- jlSLo'i/L 


I j-^-° 4.^^ ll ill ^jjl l) j-J ^iJjj-0 (jL^ Lo J jJLj 

AjIJjJ 4(Jj-o->tJlj ^->jLU SIpJlo L)LS* oli 4 jPLJwIlJ L ^ 1 jg J 



198 


P .^11 •' 


jl£jl 11 a 01 a-j • 5 JJC . Jl ap^JI ^ ^l^Ml 

>■ *♦ 

jC-UJl l)L£ !S[j . UU: dJlSS aJJi>-j Jui tjl^Sll J^LjJ !SM-* O j^h di 

J_A dU^ L^-Ls 4 4H->L>-jdJl ^-Lpi ^-Lp J^wJ>Lo *oLla 1^ Sdl>eJL<Ji C->L>NjJi ^3 

dj^-*Jj A^<*JL*Jl ^ ^ j I dd Ldo Oj-xlajij ^Ul d I jj -ia^c-lj d-Ll ^3 4— ■> — ^ J I 

* 

<L«L*Jl ,jplu_>sJ I ^3 ^-^S'jLdwoJ A Lo».q 2J 1 UJl^* d*od^«Ji 

(S r^i ^ l**-*— il^i <j' Crr^' ^ <j d 

** ** *• ♦♦ 

_3 ^ p, p 

dJJ^ Jl*j O j-Hj jij C->lp yjz > jxdl diJj 4d*ul j pJ 4 dx-plU 

0 ^*btd<>Ji ^ J ^ A_P ^*»o A_> ^Jaj J^j-P 4*1*0 dj>sJ I Uldj^ (^£d-ll UddP^ . 0 

^^l>Ui IdJi ji-o2jl Ui5 j~dl j^dd ^Ip I j-k A-d 3 _^>- oJa^>-^ 

. A*JloP Oj j-q2j Ado^Ml ddlo ^Sdl ^~lp 4dii-> . dj j^»-i 

Up oo>J Up Uh^o ^»l ^ Ip aJI ^ ii J Ld% f UJi ^>J( ^Sb jJ 

4lloaJ>**s*J I dil . j^aIS* ^^3 4-l*jd” LoUflJjJ ^3 A>- jJo^O OUl&J { j^8 

P Op p — -• 

1_<LS' O-jljJ tijj 15 i j^J . Jil Nj N 4jj<J | » j ; i P ji jj jJ 

. I d-> j*J* 4 LlLo-P ^dJl ^gAs>^ 


p Vi 


^1 oL ,jy>- aJI Ml j^i- ^>Jl 11 a 

djJ*« ^5 1 iiL^I 4od>tH^Jl obN jJl ^3 d j^Jl jt-UJ aJUJI 4j>-jJJ! aJ^ 
d j-^Jl *LqJLp jt-laoo> dl d->so O-Sj i^\ • b^3 5^1 jJfc N ^iJl ^j^LuJl 

^Ja-flj 4 ^jL^r-iijN 1 jdJl Aj jJaj j-^do ( JdLw«os JlJ>- ^3 d jJ^xJdlo 

di dl!i Juy 4^p Mi . U 4^Jj ^3 AUl jJI Uf xd I cjUj^^JI jUl 

♦♦ 

p p p 

Aol j-A Lw& ^»L*Jl ^ijJl A^>-j j . A*o! jO) jr-^ A-^uli Old) ^3 ^ -g 1 j*L>cj 

A-dliJl d^ dj>o ^ A*o>*A 1 b ApLdl djib di Jj-Ad UddP 

^j>cJo d^ Ud»- d id id-^J 4 Ad J^di L^^Lb Jw^l^o oi j*oalJ ^Udi Ja*^jJi 

l5^“ rr^t ^ 3 - a -‘- tA-sL^-Ml a^a-jJI /»UaJI 11 a 

^ ** *♦ ' ** i 
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j 1 ^ I I jj I 4*3 Jaj>s_lj 0 1 4**+JLj C.*3 jJ I ^3 ^.^■11 f jJi SH . <U JLJI&- 

. Aj^>«Jl 

' •• •* 

^£jJl p-L*Jl OJJ-S^ 4 U Jo- ^5 1 lLJUS 4 £jA 4 

4— -^S" wLflJ . 4jj^>tj 3 jjjJl ^ j-*XJo (j^ oJL>sJuJl 

♦* 

t^wU-1 jJ! *U1*JI 4 ^j>- jjo i*jlj ixki o y» Richard Feynman jLxjli 3jldJj 

lL^j 4 JI ^Lp c^jJI jvlxJl ,_^ 'j# ji JjUkJ JjIp L^J <_jL-L 

<*-*> jo*-} o\j 4 ^-3 1 j +& 1 1 4 JI Lo ol cJlSjJIj ^ L-/? Ji **.+>')! I 

^ f, ^ ^ ^ £ 

o (jl j ciJLs^'yi <*Lo-j (jl^ c 4_>«JL>“ c-oLS" L»^-o U^LSol 

Lw? jJ C j->c_j oLw*-^/! ^3 *>L*3 J-JLdJl 0>-l jJw*^ Cl J-Sj_jj 4 JbJLilJLJ 

iijb^Jl oL joJlj dJJi <ul Nl . Lj» jJLp 4_o ^_aJ| l;:! 

« ij 

♦ 

i * > 

'bfj ^ (^^Uo LJ JliU 4^jij (jL^JoUj 

jS' 4 Owb>tl^Jl oL»N jJl ^3 ^*-L*JJ \y*j oL 4j\ { JJo>- 4 j IJ /» I Oww^jl ciJU^ 
^i-p L^wc^j>- 4*3 ^JLp ^£3 1 LoLj 4 jLLxj>*_^ Jjo ^J l I Jjfc 4JUAO- <jl 

L<>w3j , jJzS jl JJ-Aj o Jl Jwvj>xJ ol l ^ a > SJJLJI ^3 

; j) ■ « igj oj3" 4jI (^jl 4 c^LJ-^-JlSI ^3 Jp jjLoJl j j-!L> j.^^> 

s 

. L_J J-S^ 6 ^ (1)1 dU 4 4XJ jiaJl ©‘^- l 

Ojj ^Sf ^JJi 4 La^ "44^ 4u! jJL j-— I T ^ c-JL? 

♦* •♦ * ♦* ^ 

J^UI oJl?- j : 11 ^- l^L^U oL^Lo J* oJu>t^<Jl oLN jJl 

*• 

tybkj • Or-^ J? £\j ^ (_r^ 

4— A . S ’ ! ?- Lj^X-wW ^ I l ^ «^,i3j I ^ J ^ 4 6 3^ cX— > IS” diJj 

♦« 

^^AiUelxJl (jtri dr^i 


<i^i t>Lp 


P 

^ ^ * 1 ^? ^ aamJ 0 i ^1 ^ 1 ^)l ^ 1 i j_ ep ^ ^ ^ ^ Uj J 



C % u^ll {jA 
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oLs^il^uJl ji~J LfJl . o^lUv<Jl J»\^» ^ U5 ^ L^Ap 

yip — C^4 3 JJiJ . £o*tj jUaj L*-* 0*f ^ LfcLolj AAjVt ojjW? y° 

oljLjj li>-N b^3 j t i)j^~jjj J^o ip ^ ^_*>»! — J Ail 

t Owwv^-3 J . Ool J L° ^9 ji ijjL^J^a 0 jiL>- 0 j-d* 4 4d~o Loj^ dj>- V t oJ-P 

«• 

J5 y^.J^i ‘- i '-' a ^ ^ -X^S! ^ ‘■ c k'^ JI -! 

o^So (^t cu-5 o y j^i b> y> y~\ p-*j <• d xPJij V"'- fl -! ^LLt>U 

. ^ ^iaJ J3 o Jj Jj>- 

L^J l* J-4-*-* y~A ^ <ud-?-j A jj. J jit ^AjJl jj iaJwoJt I J-fc y* 

i*^L y> oJU*JuJl oLM jJl ^ J J^>H y* Ot • 

db j jj j sdU jjj '. U~yJ' ^ ^t-p yA 

^IfiS' liwM- jAl j j-vi <y>d> oL ^»jA <*At J-6 3 * • ♦ y~^t 

. I yJ\ ^£> \, : «/a X* ^ytjJl jlypl J->- O j~^j (it ^A^j-Al y°J 

iA^jAl oLy-U Oy^i^j 0j^>*^> yd^jyS/l *Ul*Jt y® Lnr^ jU J^aJUj 

*» * „ . * . 

yjL j t*>ll» jlwli y> yi y> ^Jtj\ys-\ y> p> I bandwagons iu^uJl 

JJ j^Jl 1 g \ ii JJJJ^i y oils B j-« .Xxi ‘ t-U^ (_y^ *j 

♦* *• 

l^P-lw J5-O LflU ^0 - U oIp j— ^ c~Jp Uaxp 

Jy ^Ui jlS . . 5Ji>c^J! oUN jJl J\ JU^^U ^S\ V j I >L&j ^ 

jf>j£j j»J LgJ^SvJ t(J^~»-; (_5~ , ^* J * ■ — * ; * " ** 

3yk j -a y> )] ’. ysiL~i tsX^iJ ^iJl jU^aJ! 

Ji J j-^»i r^J 

•* ' 

o-LaJ! aj jj ) J g ,. ^ V i *2l-L> ys s —^* 

AJiyS 1 J^UAJij j UbIjT 5i j-p csbiJi ^Ji: Uil^i ^1 

Jl <]l JU^I y> A 1 -f> 1*3 £" I aJUU : OjJ! . Sui <li>^\ 


i.. 
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Jr * f 


P * 


dl Ji ix ; > M Ji <ui jS ^jJl cd jJl aJL UJU !®Jj>«^J1 

* *• ** rr * 

aLw>*U ^*Jj . Jj JJ OjjU- J^ip JUdJl Ji jls” 4jl Jj C a! J^-P 

* 

j!5 Lw» (.^IjUI .da <_sjLJl alidLI aJjIjlp Ml So^uJl oLM ^Jl jLdMl 

\1a £* kjj^J JjUij Oj^-Jl *Ld! j-a j j j^S 

od& r^A j^3 l.l]LjMlj ^* j>tl\ L— <U^id»Jl 4 jIj^S OjIS^ La LJL f-J . ^liajJl 

1933 4~*a LjL«J1 ya ol j j£* ^L® . ^^1p UL>-I ^ Js Uj a*j*-UJI 

j & gt j. 0 

j ^jP dd>L*jL**J ] n+jtj J5 A>C* L*iL>“ L*jL«1u*j L>-l j>“\ 

» 4jL*>“ ^ l>x-4 

oLS C3 j ^ tAidJlj c r *j>-* r Sl ^^^Ip oJ->wj! oLN jJl ^ 

** *« /" 

^3! O^u SdD! dLL" L>! jJj . ^JU^-MI dUS JJLa ^)l d~l>J! ^__a J 

H 

j^l jIjipVI ^ip ^ ^ yy** IJ^a 

. ^Sli 

Aia^l;^ 1 ^dLLd>*_j3 J?*' i J lA J 

** ** *• *• v* 

^-^Jlj lSj_Jl A^Ljj J^jjJI aJ?L)j ^ *Jl*JL> Nl 

C/T^* . ddb^Jl ^Jj-d dUi _^~Pj t JL>J| ^ JijJa j' 

• <Jl jb (__$ Jiuio a^I ^ y\ 

Jl>^ ^00 V JjiSlI 5l ^0 UJi ajIjlJI Jlu ^jl;T jl5 

aL»j>- iaj jJ iSj jJ^ o^v«^/U olS* Udj . 

** ^ 

jdLJl jjdLsd ^ <cl>d Adlajd dJN JL>JI ^-Ldl jd (. <w>U-, La 
( _ r ~jUx^Jl J^iLdl dUi iL>ejl . ^jdl Wdjj ^la ' ... ' ^ylJl 


'doJida i oU^Uxd^^l/! i^L^JS-Jl UiaA*^l iil JiVl ^JLp (^) 

<di-L) LAdj-df- jJL)_ W <dp ^wd 4 j y^S y2> ddLpLo-SxJ JaUJ 4 jL <zJl^>j 

. (d^jsj LgJl ^0di i J>' 
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0 _^SUl j6^‘ 0 jSLi j! OL-OU aJjJl 0 j£3\ oJU- aJNI ,j\ homogenizer 
L jjjJ> Us P 015 t-JUJl JUJU 4 j»S\ UiSO 01 . 01&. J5 J b>U 

. ( _ r 2U«Ul iliOLo J^>J vjlS’ jS' <c5J 


> P 


IJLp iJu_*Jl L^iLl^s jU (jJOl luio- 01 OLi Vj 

015j . < * ) c _ r 0>LJl ^ Ij^S *Uai4 ^ *ij <01 I j_aj t l£L>^ 

•t «* ** ** 

<_#* J^-5 <Lap ,y> -kwijL ^yUu tijl^UNl ^>jUl ^ ^1 

f. ^ ^ f. > . ' *> ^ p 

. jji'b/l <U52L« J''*’ O'* 0^5 *01 l j-uL>tUl ilSUlLa j*U <i>o y&-> 01 
«J» yJl 5JL. *LUi ^ UL£^I 5JL>. ^ oJL5 jjiOJ! 0 jXJl 01 

^aJL>tj ^j^JL>ti!l <CwoL>*J oJj>- L« j LaJ-lp p oli c^£jL>o2jNI 

c~~ J ilSdodl oJ-k oU ^-L*Jl t cr^ j-^ ( 3^1 

>j3H o y^Jl ol ^j - 4 ^od ^-o<d-p| ‘X-aJ 4 I 

jjjj SJlLp dJUu 5! j 4JIS J £_d>L^ bouncing universe 

t<uLL* ^ Pj^Jlj o ^l>cuJl J! ol ^JuT . Zeldovich 

. 4*s£La ^ bjtpUl ^ Oj j5d Oj J .,/?> \Jl& AoLU £x,«j 2 Aj o15s3 

I* «• 

pJlUUI la* aJ^jLj J^i ol OjUjI wUl ^-OVl ^JL. 

** ^ > 
^Jl oLp j-<Jl . 5iLl oLL> pI ^>-1 l^-ip ol 

cosmological ^ ji^Jl i—^l jia-d^/l aj ^ ^ c-UIp 

fr $. ^ ^ £ 

pUoJ! 3 oil J^>o oL> ^^1 lJub j5i ^yr *- 4 i)]j t« perturbation theory 

. b jL IS^p Jukio 


o aJLa>bJI aJ^Ljcp l lid li| Ul 

jJa-Oi- 4 ^ O AJb*- ^3 c-oL-%^>Jl oLp| © j_SCaJlj . oL°^-;>j-3 LjLaJlJ 

Aili$3l O JO-o>- 4 o3 jio Ali_L>- (J y>- AiliSsJl ^3 Oj J->^ oL-Laj Ls^jI (J^ 5 ^ 


. 1jl>“ aJlJls ol l £1s>xjo olD jS b^jl i-^1 OjS^* jLa-0! 1 *Xa I lotuol (^) 
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i. jl 



cAi *■ * <COBE ^LuuJI ^oiJi 1 $ UVtll y jSLII plx-ii^Ll Sjj-wa 1.9 
~ ^ *. « ^ * 

^ ^-Lj (100.000 pj-a. j-=^i) ij-2v S^ L u a Sjlj-aJl 

^ ' <** ' 

y>H\ l*-vSW-> t JJi ^^x-JaJl Jo^Ji ja J^sA jJsLj! ^ 

** w «* 

density Sili£Jl ^LJ» L» j~*J jl oS/1 Juyj . J-JLL 4JL® 

^ jjisJl Jj>-Jj dJJi ii • O j£d\ y jjij ^*1 ((contrast 

. oLiiJl <y$ waL-o i„ i ^ . 7 ,^Jlp 1 4_JJL>J! 4J.iL*-* 

. * ■& * > 

^ If! AjL^j i oU^L^? 4_JiaIj oJJL*** J^>- oLLvj>- J^Jlp ^ jiaJj j 

0 j-# (O^Jj^l 4JLL^*J oIjjJLSLlSI <L>-J,i C-JLI? Lfjjj>*_> JL3 4 ^g_owoJlj 

•* ^ 



5* 

. If L-wL Njb»r^» AjL^>- <tJL ^jaJzJSj y 4 5J^>- J 

LfL>&fL> jli 4 y* \j-y^ dj^ ^LL^^tJI ©Ju^ c-JlS" ydj 

oL>-j^jJ yjisy L . i-J jS jjt 1 jJs? ^ >3 S 1jl>- <u_^LwJ 

l»l (JUaj ^S' JuLJlj 4(1.9 J^jJl jJaJt) 

*M p- . ^ ^ ^ *** fr 

jl ?w»l jJI !t»UJ f 0* Jr-^' JjlkJl l \^S- 

41k Jo^* <>* 4kS ^j_5\_^_' j t p ^JLjjJI - -,/» a - 1 j ^$vJl 

. UT l*Jl jUlJI ^ ^£11 f SU Jl 5,>J! 



P J -t Al l itjjij jj-0 
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'Jlp oLL~>- j^»-l jl iXe- jl£ ^JuT t_sjl>^> <y> 

# ** ^ *T ** <• 

ijj J «■ j ./? l l 'ks- jm> jJL <0 a j_£n-S jl ^J lJuj . e- j ..<9 U 0 4-P ‘LjJij 

^ ^ ^Jl ^jJl ^ ^1 dJL^j JiS cj 5 J . hi LiLiu Nl hsLiJl 

** > 

. ill**»^Jl ^bl p-ta ^-^1 


A^hsJLsA? 


i>- ^0 I j->o ^ho C, a »,< g "ft I 4 0 jja jjl C^LLmmL>J| Oj j»>j La JdP 

«+ 

Ni t iLjJs oLL-^ A _^-l ^ I 4 J ^-i 'y ol £°j . jIx^JI j ~> Jl ^ 

i^^Ljl CJ^L»J>-I hljJj <Jh-%>“ JjLajl dhoL^ S j^jl 0 -i-k aJUjJI ( 1)1 

4 J ^-Jb* O-oLS" 4-oL^jJl Aj^-JjJl . Oj-L«j 3 ^LwJj Lg_ho L« £-s^> 

J^P IJl*j<_> djLjjljl jj.Ia > JjUj oJjL*-« A^L^Li-J iJjL*~o j^Jp 4 1 J->- 

4 j jiaJ jl aJ^Lh^oJI . 0 *j +0 <&j ~* J £~s^l>- j ^ ( j^ol>cjJl 

aJlSsJl^ j Jj t < j^i^Z I 5A5jl>i J^J N * j-jdJ ® ^-iJ<Jl 5 -p j^l 

Ji ^L? J^L jlS\J j^h>- 4 4 >cjjl oJ-^j 0 ja\J> C-jIS* p-Sj • bjijl 

• *4^ jr^ cPLk 

j-^ji j^sai aA^->- *Lj ^Ja ■OwVmJ « /? Jj 0 jjchjl ip j^jl j _^laj tabjujj 

_ * 
CjlJjjdJ ^e-Jj Aju C-J jjlj J^j j-U ^jP <1 ijlS" A>-j Jj jJaul jjo Atf Ja , ^ IjLlpl 

*> 

j jj Jj>“li Ojl jj>jl jl j-bl A^w Jo Lw C 1 j jJa-o jjjjl jl <jjlj->Jl 

4 ,> la 1 1 a 0 j I^Jl 0 >s^! jl5Ul ^\ y ^ 5 jl j->jl Jj ^i.i J -..r‘.ii-V‘rS.* 

♦* 

^5 oLJLAj ^jJ* ^jL*j jl Jj N jlj-sNl ^j-v-w?-! jl^ jJJ^ * A»^L>tJaj 

Ojl j>~ b) j-^l ^ 5 ^ j jLoJ>-l jJJij CO jljjjl 

^J-A 4_J| ^ >1 Us J . A-s_3 A_J jl ^_>jl oIjLjJI ^j_9wL) f-jo I jl 

*4 

Jj>“ j^il CjLJjjl jJJu J ^ 0 ^ J .,^ll <P j-mc ^IjJx s a?'!!>U 

i^jJl 4 jJJJJ L-^ jj j i> ^>jl oUU-jl ^ ^J I j£1a> . -Uxj 

wjl>tl4 j ^S sj llho a- j_^aJJ 0 jjchjl <P j-*-jl Aj jiaj jl j cj-^j Lj i-jL^hil 

^ ^ «4 

.odi ,j\ ^ ju- jjS thuj 
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L*-*^-! 4 I jl jj^Ul <44 Ll *^ ^ j 

^\ ll >Jl <uib>Ji ^ UjJa^i OJ>tJ JA aJI jl J~-wJl 'Arfr*^ L^U*I 

ljL» lj-4^" 1*^-^ jl-^J} * O^-^Jl jr<*-P ^j- 4 fr jfr -. /3 -U 0 Lp j-a-vJ| ^ ^ '*- 

^ J J>t ^ <-)l (J^ 5 j)- 0 olj^f Jib £ £-3 jJu o! La jjJL jjJaJl 

^L>*_) 


tl j*°j 4 j-dj-^^ jh^ Lr^i ^ j-^LJl jLlJ'V J^>- j-* ^j-SLSl ^^jjJl I j^o 

. L jj^Jl ij_^>Jl ^^Lv<aj>Jj <. j-$L5l c->L>- j-^jJ| $ jj>- jJ 

SJ^c/V^L* .^^JJs^cuJl AP^lLjijLJ ^ jl 5=JI 

4 jJJ jj li*>y>- c^^jISOI X^La jSA . l^IS’ jJbljIaJl oJlfc Sj^U A^lgj 

Oj^LJI jl Jj>L wjiS/l ilijLj Jj>- aJI \AAp y la ^y till ^ jJLw jlS 

^1p . (Jl*^>-*Vl I X& ^3 dJ J^4- k -* , l A3 ^ . I jAS ^*ol>tlJi J^j| I yCJLA ^jL 

** 

*4 j-y^^ oLL^jJI yo jJJS J~-aj t oLIjlJI ^3 Uj La <JL>- AS 

jr* 

(_J^ 0 \ y * jD ' t^LLw^tJl $4^>-lj (^Ujl ^IjJsj 

(Jj <jl *>LU Ui?U U^i 'j y <. Ul IgJl cJu?j ^1 If^vjti i>wJi >Jl 

*• 

cS>=-' f <>* (»L«Jl (Jjjij J->U 

- j*J ilf~s C~*ij j^l Jj jUai-l LI jl oU-j to LI C^j^i 4 ■■■^•■- 

«♦ 

j^l j oAjJj>- JjL^j . JjJj>- aJu-*JI A y >- L 

°‘-L a LoLJl aJj>JI jV-La Jj>- ^J| Aj jx>Ji oUu^Jl 

ya AjLLj>c^o C-oLS' Ljl^jJl aJ^L^-oJI jl J_A ^Lal <wJL>- La . A ^r A y ? ♦ - t*S^ 7 

^-^LJ| aIs^U- oJljLa L^jI 4 j^j>Lj ^ 

l£^! L)l j'Vl L5 j^lj . \1>- tJ -JL>^a j jS ^J\ Lwiia j 4 Aili^Jl 

* 

. i^ji 1 v jiVi 

* ^ 

LLjiaJl oLL^>Jl ex* ^ L SL*-$x* jrr^' u? cJLi-J. UlSLa 

♦* «• 4* 

objL Xju ^jL &j — ^Llal jlS ^ 4 jj^J -^° j r* lf^- 9 l J La j A-iL>j_*Jl 

* cijL>tij^/l <jjJaJ LaJjJI o^LwaiJl ju>sj ^ j j-^iljo _ iLJj 

•* «• 


L.^! */?.d 0 



c -^ .All ^ _} ‘ tl ^ 
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j o j51 ol ^-^>01 y° OjI j 1 0wL>-jJU y x -*/> s i 

J-* . J^-pl L^J I j-*-Lp jJ <jH j^J ix^ ixri 

' ** e> 

,3 (*!..• lS-'- 4 <_^ (*'••• 1> 0 y Ja.-^ 

'tr i *r v* \ — & » +* 

a ^ . > > 0 ^ 

J^1_P ^liaj jjkj Ls^2j>c_Jo Lo jj C^wU/?j AJ U-oj . . . <ZX3j>- 

O' 0 j* a^JJ>- Oo^il • ^c-^j e5r^ tl^ 

** *• *• *• 

J?\*a j_Aj ^Ui A^_>-j C^jIj i — jLJI O *)Lk^ J*}\->- j . ^ y>- jj^Jj 

^ »♦ 

iili ^ y? il j j j-^o jJl j flij^/L A-La_lS0oJl ( ^L>«_iLv^ ^3 

__, uj 

^ !l I Jjts \ Xj l-L>- d^jLS" Oj^-s^Jl ON A*0 j2>tJ AJ-la.. **J? ^jL 

•* 

^Aj jJ aJI Lij^ JU- ^1 ^JLp OJ 5 . jl>- AjJai aS ^ Jjl>o Ajfc L^i 
^s o ^LoJip oo a] Ouj c (O ^jl« jy 3 t ^*ty c o jj>0j a^js 

V 

l SL^&l ^^-p U^La5>- ^-^jL>Ii5* a^U>- o j&J*i OjJ^L 

, Iia UjL^vJI j jjc^JI j^-a !0-aj 

j- 4 ^' <_r® Lr^^i AJli Sjj-v=> c-Ja^-l ( _ S L*J 

« *♦ ♦* 

jj? j a^CL^JU C^15 *Xa 3 . A-^-3 jj A_UaP Igjl jA^-P '^§^1. O^jJaj jJ 

^5 . aJU JlS* j-gJO' jj-S'Ool ^ijiaj t L^liL^Jo 0-^ jj^ (j^jJ^'j 

*♦ 

LoJllp o^Ljc^ JUJI JwLJ c jA 'y I £_£-i0 ^^*>T A-* 1 ' a a^p 

'y j t o J lp oLs^L j o^jLa O-UOS" . SJ-LJl j.* Lt ^1J ^L) OjJjlaI 

fiA* cs* ^ t!^i cs 5 ^' ^'-i' ol^ ,_/J' (*-^l 

p ^ ^ 

i^!i ;u 4 Ia>- < /^j j^"' aL»-Lp ^s OLS” • A-y2?L> jJl 

\£-tj-*\ j- 4 6i ^ t(>-T ^-) ^jj-m ^ 

. . . opi js iiJu^ j a^uji ^u/ni djJ^i ^“>oi 


( _ 5 db- j£ c L^iUjut iUi 
*♦ 

iliwJJl dib OJ5 


^ L$jji ty* Cji-*-; j-^ (_^| OJlp LoJiiP 

j ■ Jr*- 3 Apj t^i 
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*- jl 


j fS sjbjj Os j\ (j . ;uis>u i jl^vi sj^uJi ot'y yi Apt 

(_r* j- 5 oSlS <■ J-Lj '-jjJLjjtj Swansea (_sjJl 


> s* 


Dylan ^OjJ 1 )*>Lo aJ j_JLo J^5 S^JLo ^jJl j-O 

jl5j Lg-xI^J? ^1 oJ^ jJl ojjLSl o S^i Ji (jiJt 4 Thomas 

•* ** 

• 0 s *" Dl l« . A^fcl j5Ulj 4_^>Jl /ys L>*j j-* Laj^j 0 jj-O 

j\ L^jliji? jl LfJJJ-S ^ Jjl jl ^4 aJJiJ U5 ^ylj_*J AL*J J-*Jj 

. A^C^L) lg_P^)l yj^ 

4 jJ>cJl ^ \ s *Ai ^ jJ 3000 ^J>e-) ^LiA jl J^JLl 

^jS^a^a A^IjJI 4 ^3 La| . L*4 j_> AjIOaJI A-^L jJl Cwj Lo 

^ -pr * ** «* 

Oj J j. ry>- ^ 0 ja JaAi» jUp C~>J Sj J >^4* <■ >>>J' 

- ** ** ^ H «* 

a 1* j-i-^Jl iiUaJl o X a Oi>j . oljJ->e-^Jl J^i?L*Jl ^1 <Uc 4 ^Ul a-^vs-^- 

' *♦ * 

oils' v' oiUt J jU-t ^ iSLJ : l$J lJLu 

* *♦ * 

**A J* ji Ms ^ ois' Li c jju j>« ^ iliJoT ~ju 

^7Al»'yi ^»*yi |_£ab ^^L^iaI k_j j~aJ\ . LuLgj ^J^-xJl IJla j»_~~>- ^^JLp L»jlp 
^ > > 

^ 1*0^ oIpL- 2jLa ^1 j^J-p 

Ul ^iJl J-*jJI ^ip ol-bj ajL^JI 


< 0 3 w\_<^2d 


0 <, yLL) ^L^>Jl ^lil L^Jlj L i j-JL*»l ojl>-j o j-^Jl oJla 

J-* \ y>^ Wo J-S' j 4 1 o>- a_aj aJuLl^* 

oJl5 Jj ! l^-lS' AisljjL^ oils' UgJl cLlSS . oUtljL^ 

^3 *. S lowbAP * jJ* ^ 

«♦ 

dio a^_j oVl o*_> . jLJl ^_^>«Jl 

. , wviUoll aKoJ , L>- , jti 


a > 


^ p 



p^boJI 
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«»/2. > jjJ £j \ yX y>yr\ CS U^oj t jJLUI ci-^ | <>• >-^ j* 

ol JLp *Jl bjS\ o\ 0 J> J5U>JI di*Jl cOUiJl* ^ > 

Lo j\ oJLilca ^CjiSb ^i>*cuJl oL-LkjJl oL> x .4^ a JI 

. ^<wiLc<ji is>^ jL^>- o 


OtCo 


, will 5 JLkui\ ip^Jl ijju 01 >Jb' dLLJ 


J> ^sUlS" ^k. maA 

iili&l > 


> ** 
" " « 

■ b 


J P 

cbl*J (<Lo j_L*^a 4_P J~^ i_5^ (J? ^ ^ 

0* 

^oC-U (1)1 


ol *jj^\ ois bl ol Ljl>- j jSj . 


- . ♦ t 

oLtS ^ jJL4-oJl ^o 



( jji>oj <, 4-Jl*Jl iiliSsJl (jJ-*-*Jl ^Oj-ojJi oliaJl d)U 

<.aj>-j > Jl iiliSUl ob>«Jb j»Ju^j cLbU I *LgJj . iiliS^ JS^I Jl Oj^Jl 

* t S- 

bo |Jla j t * y ^ ^ I Oj-bCLo-Jl AjP I Aj j]g, n i i ^Ja. (T^jC ,\Jl til 

2 * > p 
the VSL valley of ^o^IJcuJl * j-^Jl a-p « cJ l ^g-slj® a^Lp ^^bbbbl 

. flatness 

jib . j jS3l ^Jl>J ^y? jJsj ^ iawaJb cL>_*jl oia jt oUxi C*S j^l 

U j5” <u2J aJ? juj\ iibSsJl Cob JjJalloJU ^ o oI>jaj AjlCSb b> r \ a ***A U jS 

Jit ^ ^Jl jialcJt U . i^Jl iili£!l j* b>' bV Ul~ JJw* 

^ «• *• 

{jA ^\ Aib5 ob (J j5J (jl Sjj^Jb J^3 'ii\£ 
JabL>b! ^jS' ^1 Co'y^L^Jl j . ^j^JLa j~*-*t> bj-S" ji^ A 

La J 2 JL 9 J jIcj l^_>t . locals oL^j^JL bybbyjb\ C- L» ^ olkJl 

( jOa l , - ,, ^> ..,1' y JJUaJl ■ a 1 *7 jil . 4_L5 g-l-yg.a ll ( _ jr 9 N A, i ..la - a ^ b^X>y 

0 Uo-L fjJX dJjU u.1 La : ^d50l jJ> jkLJl ^ jiC j t UJ^Jl 

til t AjLl^Jl o C LaJ L Ui 01 (O^' • 0!LL> ( J-S^ 

U>J1 0U 0-1 ^Co , . (2.9 J£lJ 1) ^UJl 
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6 j »• ju a U ^JLLIaJI .<L^.jjsJI <iL£Ji £-L - U^ - a Ji <ilj£ 2.9 J£-^j 

if 

Ljl^Sl d * ,»"a <la_laJLaJI ^ial‘t o II Lai .qj t«dl i l £-a "UUe . dJ^JJ 4jli-a 

iiU^JI wJ, A KJI jViJLJI UK ,dj .<iLkJl ,_■ ^ dJJUj 

^ ' ** **jl if ^ «* 

Lj^S J-i ^ A J* rc_La— uj_lJI £^_&LlaJI 6J_A In i i « ^ 6^ j r> ^ 1 1 Aa^j ! 1 

~ * * * > 

. LaLaj 1 ^ i \ 1 «v ~ a 


4 >*~xxJl °-^ 5> J j-ll { j^i j*Jj • Usui ( ^UoJl 1 \SLLa JjsxJ l ^jLi 

• L • clr* Lr* -T^ csH 

*♦ ~ 

4 ^j| yl ^Jlp ol yj\ c^xS* t aJ ^-* xJ a-*_*L>- ^3 LJLL O— xS" La jjp 

*♦ •* 

^La >1 < 4 JI JSI >Jl dib l*L 0 ! Apt j «, jjjl ^i j 5 L~Jl ^ jli 

isL^al ^1 c ^5 dJJS JA SfJbj . bWU- c^r >- cuS U 5 

^■> 4 ; <4 4 t4i ^ cM^ 344 s 

^yjuL-1 t _ r ^2-*j (. waJ u Ub>-1 dUi jl^i <• CjU a .,<3 " Ui> j-P j j k ; 

♦* •* ^ 

<jjii JlL oolXi LJLJb- L^L oSM c^-v^I ^1 ^ . oLU^oNi 

IjL^il cJJLiSL LoJCwP dJJ| ^ JjVl ^ j * &*■ 

L s» LjJlxp . (j^p j o JulSLajt oLL*-« 1 g g JL xSL ^iLL 5 JjJj>- 

JJ oiilx!! ijj jJI diL L Ij^U j . dLoli t$iUx^N a 1^» iL^i? ol 

. Ia-L^o lLL ^Jj wii (1)1 

aj^L- kiUi Jij ^ aJL^ ^ laj ciLI p . ^1 1 
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^ Cr* ^^->. L« JS Am il <. 1 I dtb ^ Ub*-^ c^*i j 

w ♦♦ 

^ V— 3— i J! j*-l~ o^v, oLL^Jl dJLL- 

dvdL^ c ^ jJ!j SjLwwvo l ^>- j iJb-Aj . £uU am^Jl> <Jl^J jJl 


cT 


l 




o_Lis wb l$Jl ^_JU 4 jJJ 1 .JJl ^ ^1 oi _^*JJ Lll$J f^*Jl> U 
^ UJi ola>U Nl ^ jJj cJ^I -ui liu- «>UJl jU ISjL^Jl 
(*-^j ^ tjaj' c^aii ,ju» ai>- ^ j>^\j cL^j uk^ji 

^Ui ajJi ^ JuaNi j»_; *\yA\ ^ SijL aj *Uai ji* ^ 

** ♦» ^ 

-L*j <• da>*Jl ^jp ol^j jtJ . oJpLwUJ LwcUjlSI j»tJiiVi jJlp 1^ S/Loi 

. ^JoLdJl ^)p d*Jl odo OA>-jj ^^Uill Jj>- jl 

c- ^ 

(jl dLw^^Jj (, JU jJl ^3 wLa ^_oLdJi 4 _pLw^ Jl*_j 

. jplib ^ygj IgJP lj ^>“Ij jJ e-dJl 

cd Aj jJau cjUdSl jl ^Ul Uj j-*jl ikUJl oAjt 

*♦ 

*-a . a>uJi ail- o^i diJi j jj uJ5j . i ^ iajS j ij *jlui 
' ♦• •* 

* f. 

. OL^-I t cJI ji?Vl <L*I 4-J^oj jd ^JlP O jJLL a ^Jlio j jl*Jl ^Sj>j 
IdULiJ c^a>t-w?l . I^jj-J l _^-aL>s_> ^bjJ ^JuT jpLdj> oJl^ dUj ^3 

*• t* 

^ j ^ ^ i ^ 

J l^tw^lj 4jaA>cJ j o jjL&>- oj j . Lg. •j^2wwv>j J L.a U^ L>^«J ..,' - i 'yV J^'j 

jj-* j u s^jxai a^ai ijjiajo jaaiiij a^o ij <u.jl»< ^y> 

* * ** 

^ ^ <* 

^^P (^bJl j-^P 1 .a ^? -)^J>- ^|j 4 Of-ljj 5 Aj jj fc . j 1 ^*jP bpl^j l 1 -^^ * 

oX« Ujj’LLa ijliSj aJJ^Lo-JI ^ jL«-flNl ^JaJL dJJi ^j_p j . <Jd Up j ^JL« 

Xji-Xi^ a* ^L2a^?l ^Jbl ^ Jaj 3I c jl) ^j-^3 

» . ilUJ! pJLJ jyrjJ ^Jl oU^Jlj jlip^l 


t ^ > 


^AllixJL ^e-jjivj ( v r Si; jJ Lfilj tt>bi Si oJl? ^JldJ! jl ^ -xSjj (0) 

• oijJl 
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(Cj-»J t t - Lw/g . l l ijLgJ £-»j . 0 „ \ a .~cA / >S\j j_Jj_./jj^J 

. Lgjbb ^3 ^jl j-> lo j I C-^Cj i l 

> 

y* UjL. cj ^S i b Lgj*d & o *xp tw-ul j->- lJ-ft d)l ^cSboj 

*• 

. ^J^JJ J-<^p Jib jj^JaJl b 1 ^rr^ *U-b_Sl jl 

* jj __ 

4 la « ■>,<£ ^w>x_j oJ^_S* o jJ^Lla ^bo ^_£jJl c-iJj-^Jl jl UbtJl ol-A ^3 \j 
******* ** 

^1 ^J-LJ jIJlpSM i3“>Vx^! js Cj. j jJ <jSl <.Lju~>- 

V olJOJ ^LjJl 2] jUl ^ jb <ul . LU J^aJI 4( ^li jJ> Jl>-I 

^! ^-J ^jLLJl Ojijj Ml 

** 

. ? I j^aJl Sib- 


> > 


bb AiS ^1p 0j^ 01 N Ut <u~iS cJjJl ^ 15 

♦♦ ♦♦ 

. t-yJsM o J^S. <jl is J~, Jl SjjJaJ J~J 'wdJjisj -b-L>- J^p ^ 2r* 

^ > ** 

oLJj UtSb oLw<jJl cbl5 bb j-*Jl» J-& a-L* 3 b-L-Lp b J5 o*La iJbnJlj 

jL> ACwb (^Jbl kbjbs^o ColS” l*X^Aj . I b^ 3 ^ j^l cLL>-^ 

** *+ 

Jc5 ^Jl Nl c a^Aj+p jJlli 4 J ocb Ji j . il— ^Jl pj J-*aj 

** a $ > * 

. <wbl j-^J I oC-A Jju LojL/ 9 j j5! ol jJIp jt-S" jJLjI ^-b j«a^j b-3 IJp 
. iic. 0 u*Ji j^ jil ^uii J yj ^JJi djisji oi ^ ijLji ^ ibcii j 

jl5 j t SiLp jbJU j j-^^jJl oilc^j ^JJl jj*s c ilLSb llli ^1 

jj^j V 4jbo ij * l)”^ ‘C-Lp jlS" jl^ 4*u jj LJj>-li bvJ>“lA 

J^^'j cr» J^ tA ^ 

4 ^^Ljc^I ^^Sl y* j I U-A jIjI C-aJ . ^jIcJI ^i-Xp p'ljjl^ 

4 J L >- ^0 O-b-i IjCS^P j| (J jill ^j-P J^-Pj . ^b^l 4 ^-a ^jjbj ^Lp CjI-Cj 

** •* 

• )j^ ] CS 

'fi f, **• yf Jl 

tx® ®j-^ U-® ^ CrrVJ 1 C; 
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/jj Jp-Ujl * Scotland oJjJb j-Sw ^ St. Andrews jjjJuT cJL» ^ 

*• •* 

‘3-k <_M J -® - J-^ (*jhj ^’jy Jr> 

. 4»s^U>tj ^-L*j| ^J-p^ L^^^-p oLw>cJl j^Ap jIj! /^p * £jL-I a^-s^-o 

^JL uij Ul <ul JUi to^-w>- Lo oLJl jJ I yj| ajLpjJI ( ^Jl p ^JdT JdS j 

C-jJ-pI jl Laj . J^j c) j->*-~J C^-9 jJl oL>- JLai 

•# 

* 

J JUI pJl cjll ^ JJJl L>LJl 

* i *♦ 

• a* 

Ujji 1 l ^ i I C 4*<jlpwJ \**^J>T-»P 

<jr* J-®^' ‘LaU«^?j CrF ^J-^J-i A** *C5lgJ 

2> du 4j\z\ b\ JUI r ^Ji JJz> j*Xkj ■ ^ — M 

Jlij . 4j <UwJ oyjL (jl Lo ^ jJ ^ Lfil j t ^wl>Ji 

^^p jj^ ^ J} 4-dj^ ^3 d)^-^J^ Ap 4-unl jj aJ| 

jlS <ul cJLs^i j . o^\s>^a o’^LoSj ^jj» <cJl>- o-L*_> L^j ^Ja.l^i ol 4-*_^LJ! 

Lg-^P (Jjp 4jl Nl 4 *^dzAJ 0 4P j-vsJl 4 j jlx> ^Jp 0 ^aL (1)1 ^jP ^lA&Ji 

•* 

• y Ijr^y 2*H 


Jyd\ I2L» oU^IajI fjj] OJjT ^JSii l^JjT iwAS y> ^ l-i* j-JUfeit 

*• ** •• •♦ 

3)S ^ jl (, 5Jj_$5Jl ^ Jj j c J jU>s--j 4 JI jJl /^o 015 . i>« ^L5 

jL>"J J-LP 4 _xjL^ 4 JJL C ^wLaJ) 0 jS ^j-4 Nju jjJuJl 

<jL$-p! <^+*p*j dL-L^L j 4 -ij-U-p - S’ 

^2>- j-; J t La« oL^l>ug oLijjj^j ^ «.1$CL3 4 Lii-La jjt^p\ JJl 

4-$-jL>“ t j- d ~tj N jLSJs'yi Iwtj J ->j 4^j d)l iLo^pl 

J-^aJL \ J;\s^ j j-jj-JS ^^JIp dJLw»l c-dJ i-ilkJl 

y~* Jl*pJij *)J ^1 4^>J-xJl o>Lw^LwwJl *>j c^IpL>-l>-I ^3 iJjldJ d)l L 

. L« *^l^-p J^aJIj < W2a J l dJUU J)J pLI^N l pllapl 
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iojl 


Ot 01 O - ^ ® „r°-^ 4 _j2^J1>sJ! ^jt> ^..LLLj 

0 jJlj-> N OwL A JjLo ^5-5 U j_>- ( j-« ^j^ljJl ^y0 ^jaJ jl5j . oU^J^I |J«£J 

•A 

kXj 2 _l » ^ _ < — ^ 1 ^.i j . j i-i‘. j .^ (_) J5 1-9 . ^ ^ 1 ^ 0 ji-Liijl A-«— ^_U I C^A»A ■ ^ ^3 . aj ^ i ■<> t 

°^ A u^jij JJJ-*^ 2 -! jj^ l>^ 

** 4* W 

^ P 

4 Aj^jLJj Aj-LJ-Aj vIjLp^ j-*w< 5 ^jp ^.iL*_>| C.^1 ^-^'^ a ’ A3 ^JLoJl yS* Aj>-j}-oJl 

Vj • ^-L»^ j— ^U«>j. ^ ' j-*j • J-S’ ,j-c- ol oVl j^-A 

** ** ♦* 

J*% Juldl «-J> r ^jl5ol *_^f jJ . . jUiiVL Jti olJu ^1 2lu5l 

. \£j J <yj\ Vj joJ J r liJl cJ\ 

«• •* 1 


Xi 


jj-* 


it. 5 * 

VI jlj 


'Lp 0-> Jl Jii iJjS\ (1)1 JLi^p 

* up .. 


^ P 

aJip ilp U| Aj*}^ ^JLP J^Lp O-J 2 -* ^1 AL~Ji ^ cj jJM Jui 

«• ♦* ♦♦ 

i*-jjd aJup ^JU* ~JI Jil ^tVl ovt UaiJL 

, p ^ p 

4— a SU ajl IJLa ^1p uJl ^ J " * J ^ip A^<£? ^>sj 4 ol^j 

. ^jL J> J^Ai\ 1 4 A ■> jJ2 /^P (JjIpxj ^aL>sj uii-L> Ajli j^Cu Oolj . C->1 JJL 

•* ** *« 

o*«-jL*>> ^3 L^LlI^Lu I a^L>«Ji d-^ L^u-L$U I Ijjuo^ lLU^ j»«_> >*_> 

•* *A ♦♦ \ 

jl J 4 P j-nA 2-U D AP ^Jl Aj j]ou <^S y> j h pT^J AjJ *>^13 ^ 

crij J-f-* 1 t5*J • (*-^ JJ-^'Vl 

T> f, ^ *» * JS 

iuai olJu JuJl^j 3 . w*lJJ A^ip iJLio U>5 IjUJli - A-Jwi» 3 AlJaj aJu^P JLxj 3 _ 

p j). .,/?,.! I AP j-w*» Aj j-ia-i (J ^-aJ A_aL*J| ALa-^_> ^l^i i_5^ (J k ^ i, ^ j 

** ♦♦ 

- *•- tl 

• 0 .4J 1 

(l)*! 4 UP Lx^S ' aJU- ul-'.'.-S' 0 jr-^ -J^ (J J 

aLoIS" A^ CUs jJ C^sSj . JL>J| 4*j2Jl>- ^LiJuV tj ^^Lu>sJl ^y» 

AP y>*vJ I Aj yOJ L . ^ ^ V 1 ^ 4 y+^x~<b*J I ^ j Ls A*»^U ^mmP ^ 

fr ^ # > 

. jJl ^ 3 -A d)Ni (J - ^ * >cJ J.j?ij 

«* 

^2Jl jJ L—<J>- jl oVlia ^jl ^ 
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41*0 O^wyi? ^jl ^j IjjJ . IJL^U 0^1 ^>T-J?\ ^y> L I Jo Loj . oJj>~lj 

*• ** 

.SUpU 0^51 jl jjp 

c-3jIp] ^o j jS Is'jUlo ^ L« ^oL^'yi J^jj jlS" JJb dUJJ 

OoLS" . cii-L 0 Jo Jj>iJ| Al^vJl <U-JLP jUJl ^1 O-oSO LoJuP [jl>Jl 

1^4 LoUUl Jl O ^ ol J> J^Sfl ^! JJlUI cli> L^li L^, 

♦* 

•'^Mb 

p. ^ 

Lo Lgij j-v5 ^ jAVl 0 L 0 IS Juii t ^jJu j- 4 Alii ^ j 

.Sui jJUi JLii tjji. 




^JwSsJ 4"^'^ ^LjjJl ^ yA Lo*^-a \f- 'y^ L^JuJ 1 d-> I 1 *A-*J 

<^_>rJL j L iS*> S )J LLa ^0 6 j Z * Jj L« ^wLju j JjjJ 2 yS dJjLc>»-J23 h A jJl*JL JcjCL^o 

U . Lg_L4 o^ L tf j Lw u ^ 1 ^ItoLfl-a^ Lg-t-^Lo ^ c dU L *jdo 

*• 

JJt *LiX*Jl jl ^JuL) oJpU yo ^ £j>- ‘ul^P jl IAa ^jt>\ jjfe 

^jLo j j*-^jL^3l ^jP jjlp^/l j j-aJ-La <LJlo y* 4 j y^>\JCj La ^lp Oj*£+*ju 

Lo ^UJt 4***/3) j*-&Jj>-!j <JLj J^^ki <L>-Lla Lg-L*J>- J t j*^jL>sjI 

* * _, 
H ^ * 3^ 



1^2 jlX>t-s5 C l& ^-JXj (3^ j-^wU A-lLiLa JlS" £*J2J>tlJ jl ^1 ^*- J 

LiLLd! 4^\j5 <C~a ^wJJauj C A^o^a»L ^j^Ol> N *>LJd_»*vwa uip ^jjjJl jl U^JI 

'-*-* • '-^-VJ- ij " ^ jij *j rH-^J S-LJjJl 

•* ^ J# ' 

JJ l*Jp otjUbu ju-^i LjJlS’ ^\ ^JOaJl j] t uSj j\ iJLUl J^J iL^Jl 
aIJLJI yj UJ! ^Jip 3 Jl S^UJl o^lLJl ^L>*_^4 . ^JdJLi IoLjpI 

wJ-kj jl _ di-dJl oN L^ I jl5j t ^ ^ tM LL a ^j-p oJJ ^xJl 

_ £ 

• f ^ i>* s j~*- jy ^ Jl 

I d-A jl jJLo J c I j_& (O ^j>tJl <LJil j^o ^»UaJ cSjAj- Jjj-W J-M- jLS Jij 
j-* ^c® ^° 4 j^sl>vJl C-J jJl y*y. ^ j^'-l ^ J t3^ 
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j-<*jJl aJL, 0 jaS\ j-A>I ^ iiJl 0 *ij* aJjJoI ^y> . 4jLo-*JJw»>l o*L«*>N 

(_£jJl j_a j c VSL fr j ./? U 0 I AP ^^3 L*w~j L« i<L^»J 

A^^Jkaui\^ Ajpw# J^Jl A-*j,5 Uj^JS L-S J 4 1997 A_Oa> oW? a.jI j ^3 ^jS\ 

C^\-A-5*£^sja ^a3 \-^j oVS 43y>y> ^ 5^3 <.WaVuve 

■* ** 

5, 

j - 4 o~r A\ '- ja - 4 0 1 '' jA ;-^ ^3-r 4 ^ \Aa ^' l j <>* j~S 

*• 

O* W’Ti ^ *^3^ (j^ ^3^ j^ ^ ^ 3*3 ^-^3 W*sl 


* JT~ 


Jci\ 


AO Lw3 a^Jp J jJL>- ll\ ULs aJl^JI oJla jOjJ t c-i jJUJlJ U j 

<_rL-® Aa ^ j^r**- 4 O- 4 cJ-^ k -A J rA 4 Ajc-^Jlj oA* 4 -^ ^J-*A 

jr^J -t/rr-V t^AJl L?UaJ ^)U- iSj>H L* jj-*’ J. i '£aa* 

JyU J^r?" "^) LLj>- 1 i*J jU j^sUa^-l jUs>! ^ ^y>- 

JjS/l jl 3®Jl jj- 4 jji^- 4 JjJ" j ^1 xlij jS i«JJL«J! o^ULaJl ^ J.-^i,il ^1 j! 

A ** 

ip-fy U* (jl*' < *- 4 lSd-l J-«^ < _ 5 Jt jjj'axJ' j- 4 
' •* *• »» 

! j-L> r ■ /? l l JJ-jl oJA L£_w jJLI 4 JUL 0 jZ*i. j ^ g il 'Vl 

a- 4 J^r 4 <i*>^L; dJJi ^1* 3 ' Aj 1 33" L j*A_^X> ^ya^-iJl Ij-tt 

. <ui JJU? V Ujli UtA5 j ,j& jl jjWc: N ^Jl ^LkJl SjUs 31 oljLp 

♦♦ 

£-*J 4 O^ 3 ^°^ 10 ‘‘■-Lta ^Sj3J la ,iL JU ^ j 

ijXilj jjS"! LJol5 S' 0 j-JcuJl APj-wJI Aj jiij ^3 Ofrljl jl ^JUaJl ^o jU 

o^Sj i: c5 -Lp Sll* dU j • i oLp j-vtf> j-qJI 4dj. 

♦♦ 

^ i^waS L^*>^ I 4 JI AJLla ^jLi- JJ iU^JI ^Jl LL-jl jLii : ^ O -- 51 

LL j'lSjdj j\j>- j^^» jl ll AP LLjljj jl <w A*S 1-^--^ IjLaP 

U ^JL N loJLjj jl LJlJj U^ j-p- aJ I^j v jJ S^JI jl5o . j j$3l 

a>JU? jJ-»d Iplj tL^Jp ^.a ^ill IgjJU^ 'JLp Nature aJl>^» J 

•• *♦ m «• TIT 

z' 

L^JI Jj t j j5j! j»_Lc- cj*A£LLa J Jj>- ^3^ i ^-0 '-‘^3^ jl j-Aj-y jl 

. oMSjlJl jJJd x >- 31 JaJI 
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tiSjjuajS <5>jJUa 


<*> 


y-U 0 L>- ^ c^5s-U JLLL ^y>Ol cLLSs^j <~jlS j ?yJJi 01 

01 jL^Jl il^J 015 ISSj ?!i«5 >1 Jl^jh Jj* Ji^jVl J^Ji w^j5 

ojjfc ^y oJL>-lj illJLo J^i t oNU- ^ r li; U J5 al>L jjj 

? JU£JI fcJL cJl5 jJ j jj L iUvJl 

01 c-4-v^^l ^yOy ^y° 0 J . p-JLp yp U~a Ul 

u^' • x ^' T*^ c_M dr* <_r-Ul dr* -k'-Jl '*>t^ pJl f^JUJf OjSi 
• i»L>-Vl ojt y>j SjiJl <uJaP j^SCLw y . . . JiJl 

UL^I iOJJ^ ^ * .0 Lo~>jj) Ja3 j yJl yi pJ iilioJl oO-a Oj. <J yJi yp 

^ylp c - i . !x *j 0 t dJJi y> 0 / ~L> Ulj Ljyii ^ j^5 i*jl ^ OLpU 

** ** 'TT 

. yo j^y« jjJ ^51 ^Jlp ^ j^xJ tLgjJLL* y* J j_Ul 5JL <L> 5 JlpI 

ip j^-wJl ( y ilLLo U-fljS 1997 j^<>3 jj / y OJl y ^JLJ <J 

tOjUrfaii-l PRD jl) Physical Review D iJLxjo y La jJ* jJ VSL * j-Ma-U oycu Jl 

** 

4^- jj j-Ip JJ l$J jL J Oi OjS" ^Jl <1)15 yi ajjjJJI 

*• ** 

o*-*jJL> L« J5 01 ^1 p dyijl ^yyOi ^y 

LjJLi« Lol . L^ojJ-ij y> ^pjL-*/l i*-^< 2 u ^y j-stjJJ Jy PRD AJb>t» ^y]l oVli® y° 

4-P j-wn ^ .* (jl t fiO-A o Ju^L>sJi 

aJ^aJ *J>v j 1)1 L^_Jlp 1)15 jlas ((I) jJl j»JLp cj*)\5\JwqJ 

. iJjlku 5Jul5 lly c^b 

oLliLJl lik~ ^Lj j! ^ y; jAY J\ iJJLJl JL- J 

I ** «« 

ijUNt ^Jl ^5y ^L50 J jVl y. cLJl- yU! yyJl 0 U ci^JOJl 


4 JU 3 o!i ^0 Nature 5l« y jJJj yJi j yLJ! ^Jlp oVLi-« 6 i y ^-JaJiJ UiO 


Ji 


o~4i jj k_jjJi-Ol * y UaJi oj-A ^0 cjJlSIj L»jj-p ^\j * 0^ 

lyt jl ^ j >tJ ya (jl 4.../>,>tw2lJl y> jy* C-00 t4i_>«j»Jl a jO). N 1-4 js p-jJ-£> jy 

j^JJl ^wjjJl jy £*-iJ j0 1 j j-*— i jJJjj OwIauI « Nature 4 Jj>xj» ^JUj yt'bfULo jy 

. 4^«j jiiJl yjLijl wLL a1^>«j tji^j'o” 
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£>» 4 ® j^P^ J-oP dd*J ^jlJl 4 LjlJLa fjjZ ^ d>-jl>jl dy3>*d Jl 

^«£2J>0 ^2> jS jj La ^ ^d>c-<»J 1 J^-a A *J2> a-J d«v02j JI 3 LJI j-j jJdii jl 

*• K I 

C 5 -^' « ■*“ ‘ 5 *'-> l ->* W* 4-^ ui V i»?j ^ Hi -»W 

— ^ o> — 

^ Jut o ^y>- jd-j U j ^y> *ji jiJt ( 5 j^l il 4 UpU^ (jjJul ^^Jp 

* P "P p ^ 0 > ^ 

oUjlJI jda jjJVl dw^ildo ^ Ju^l j 4 JI ^5 yS* j 4 JoL*Jl p^SjLJl IJub Ljjss 

^U-il ^ Up JU IJu> JjJj £^1 

. 4 ..,/3'Vr .L C->U^Ai>- LddJ Lo | d5 <LwO«^>sJl 

** ** \ U 1 “ ** 

oSlyg-^Jl ^ ^ J^l ^ llJL, ^jjJdll jUS jl ^^JaJl j-a jl5 

*• 

jt* ^ j d £_Wd y^ oUt^i ^'j J^d <j' tls^i ^ ‘^=- 


do>- jJl ^-^^dJl jj) ^ odg-S" ^j*uIjL> J^Lp Lbj j ^ ■* j ~ } • JyftJa* a 

♦* •* 

jJL?- a^Ju L>zi\ J<i *-5L>Jl jl jj*> j^l ^d>- iSL^Jl oJufc j^-Nl 

•* 1 \ *• 

<jL;L£Jlj . dJUJl tdl ^1 ^ dLS^Jl ^Jl *j*^\ iJ^Up ^ Lii^U 

*• 

C->ljL>eJ^[l | /j-a j5L J* *d<jp Ljl55>-> jL*ddo L^J&jLS^ 

c_iii jl Jj j->Jij duLjl jl _ ILo UjJti J-i J . jlJLw^Jl I jjA ^3 

** «• 

L. dUi t aj ^ kJl ^ 3 ^1 yyci UU! 

♦* *♦ 

(® . jil ^>“^1^ 5JLwvw« ^3 jX^jiiU jl>- £~*/? jJ 

. LjJ jtJj 4 y£\i jiS^I jjj-A Jjo jj»Vl Oj>-Ij jjjj*o 

jJ jl £w>ljJl ^y> oL 1998 Jj^jl/jL.J 5 jL$J 

jl 4 d-w^ jp di ^JLwvk^Ji d— >15"^ 4 jJL ^\ j j>*j 

i ^y* ^ g \a Ul ^_dJ do 15 (iJL>jl J5j do 15 ^^Jl) LjJl2L>- 

.iLLUi jUl jJ^Jl ^H\ jj^ Jtj* J* ^U5>l 

jd Jd jl 4 da d j5 diL 4<L>«^j! jj j^j ^-vdj t_^lj cjlia^Jl doL>“ 

p p ^ ^ x 

^Jp ^.* 1 /?^ li 4 ^ 6 ^5xJl jl5 dl . Lo»^>- d*jj ^ys 

1 jd>-l Lv^ ^-llo U U1 dbUdL ^ Ul • ^-1 L^woJi (J ^>- d«*>-l 

. 4 J lj ^ *L»Jl*Ji ^ 4 j^JbJl J jl-d j'Vl iJb 



219 


jAM 


^ AjLSsjj £~aL>c-a ^ j C-5^ ^-‘^- ;>t d)l .iijL*^o dl 0^\ j^-yg-o d-LL*J 

j^jliJ jt J jili jJl dUS ^^ipJd ^LJaJ'yi Ula dL~dJ ^ j ISli 

4-^*J ^ ^Lo^JlJl ^a l^w^vsj Ijji Ud>-I LaLLj ^3 d£ p-t ^-dJ I 

J jVl >_>" l*~U ^ >,! ^!l oUUNt 5^ ^ ^ SI ciuJL J^lj 

\ «* ** 

4-lsL>tj jLJM dij ^ pLL ^O-Lp d-J>“J *~*p yA Js1>JLj 

♦• > ♦* ^ «* 

^0 jv^-*-vJo Ajt^vg (2^i j-idlJ * J) LS 0 ^dCdJl ip j-^Jl i) jJaj <1)1 (2^1 OJ^L PjdA 

J45I t^iL. jSl t^ 1 id J>- iJiS - 2ilj J d* yd/ 1 UAJI Ll,» 

H 

.$ "Z V * f- ^ s- 

^g-A j t jJ jd dUlSwJ Ji j-a JuJL>- LgJlS* J ^jl oJj action principles 

i_> jJi-> pLdd>>L c is Id odj Ju>dl oL jJajJl ^Lw3 ^j,Ja j JJl jUgN I ^j-Jl 

. * j-ddJ 5 ^liuJl ip^Jl 


> w 


£>- j-^j *Lj^iJl ^Jlp ijlda Principia jJ j^J ^>^^->1 La Pj-^l La 

ij ji ^ A-d^dd!l Ad»Ls^.^>>l L^L j^o ^d-*. J I dllS ^°j c (J j^l ^j-dL^dJl 

S' 1> ^ i» 

d- > 'y ^L*-oJl 4«4jjJida ^Lp <*d-)^--o-J I h jj 0j£U cyj? 

d* 5ii>J JU^ jjiai J J5 *d- ^Jlp CoJiil lil 2JUI Jd 

^-vJl Jajj L^_) dLsL4j iwlSLd l$jl . LoUj Adoi^v_^j jjdxJl dLdLa^y 

♦♦ 

> 

oi>l djj 4<Jl J^-Nl ^jA (JL>xj l ^S’ ^L>JL ^ <uic>ta <uSdjlddo SJLwJl» 

p ^ 

® ^)bXs^2-^ LaL^^3 

^ - 

lj_fjj . U 3-d <i' ‘d j' v-r^ ‘d t_^ 

** ^ - - 

^^d.o^/1 J^L*-<>JL) j^a Ja-^sddJi jdJl 0 od dMjJb i^-^vwJl 

*• M 

c <uib>d ^1 id^Jl ^Jl ji jid UJdp j jidl jJl d cJU-p Jdl . (dJdLU 

v* ♦* 

<dadl La AjldJl^ ^yA ^jJl O^-^-Ll L)[ • dJJ^ AjLd^ O ^ jJ ^%-j 


LfdL? t J^ddl frdai j-^->^ jd^ j! ^^Jlp iJu-fl least action principle (*^) 

<U*dL) (ad A?-jl j» lx>jJl dd d*J>xj jddl i Aj y*2-* Ad$3l AddlSwaJl 

X ** > 

> ? 

(k^jytdl) . Igjli dltil ddil AsUali aJ 0j5oj ■^SLUl -w 3jjl>cdl oljddi 
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Ji ^y» 1 1* ^jJj>- . Jit V j ^51 ^ io yjt iJj iJf 

j j^j jl Jj ^ ^la *>«Jt <uJL^P jL jli-p'Vl { jJuk^]\ 

• jc^^* '-^j ‘•csy o?^. 

Pierre de $£j^yA y j~> ^ y}\ ,J> 1746 i— ^ 

cj! jL~«JI ^jjj tysOj^iJl j»JL*Jl t_iLrf5 jJ (jj ^5-1 SJL^Js yJl ^Maupertuis 

“LJ 0j50 L>-ij»«_) Ja^-Vj 4->50 j150_s oLajJaJwo oLo-j^sUl 1 g » -T* ( jj| 

*• •* 

^w^Oj (j' a : ‘ >> ^ Jjl>o 1»->15 c l^jljL^a yip i5 j^uJI toL>™>0l 
. the action Jj<iJ)» -_~d dJJi yU ,j y^y jil/li Ujl^ yj! kl 

dJULd h\ JIS LjCP dUlSLj! .JUJ UuJl>- *\Lj>\ s.lku-1 dJJJb , 
JjulJl Ij-j-a j^J-J Lo ti-Aj W Lj jJl <OjJ_>- L$U-wvwO 

l a * .» /? 1 U cilLj . I^j <uJj c* * j a ^jJl 

I «• «* ** ’*' 

. * j-aU 5 _pcuJl i Lt> lf^L^u -1 y* _ Ul j (_5JbT _ 

> 

IgJl Jj-Hl vii-s-L^I ^JJxJ c^iLip S^j ji' ijLLJl oXa jJLJ Ji 

♦* 

01 j\ cUU- 151 Ji\ ajIjlJI J, iJjdi jJ Ljj! .^yj ^Ik; v^M 
015 jJ^ ^y y /^jjJl^ a^wvwLaJL> 1^15 

it * * ^ 0 

dr 4 finality iOUoL - — L U)U ^ yj^y 0 >5 cjU . OUuI OdLi 

ijlp oUjL ^-c> « 0 j-SvJ _ 4^3 ^>Jt jl ^t : causality <l^Jt 

CJ^JJj lijj . aXp j! N (JlajLU ^jj^t jJS>) jjjk Ji 

* 

0"^ (SjX~\ ojJao?- 

^j^2Ji^tJ ol 4JJI jV 4 J Jj >- jJt Ljj jjj aIL>sJ J^P -la.^ft ^ j 4 4-W 1 »■ ijs. 1^1 

. Low\Jl 3 ^j^xJI I ^Cw*/2j L<j« 3 (( Jjcjt^ 
0-)l5^ j_> j-^-5 t(jL^j->-Vl wLj-^j LiLsijo ^ j-Jl j -Lo jJiJ^ j! ^0 j 


. 1759 _ 1698 (*) 
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Ul JjUjJ! ^Leibnitz IJl^ L y j-s^Jl JLUi ^LLJii SJijL» 

«* •* •• 

015 lit j . Jjl y* Jj? ht i Lfis* iiSU-Jl ^Jl y Jl j-o j-a ^ilp ^ LwxJ 

. *0 £ p ^ 

^Lws- ^ ^ J*L> <-)U-XJI oU-ji 4>Maa' ^-ijLi Ji ^yj-jjA viUtSL* 

U jU^- 6yjm* o' SJ^li Lr ij?i^ UUiJ 5li t J*i3l 

p p p p 0* 

1 y^A\ y^ b® * 0"^"* I 1 I (J y- (_J ^y> Ljc? y^^*A A^wvU2j ^ 

s* * ** 

y*U^Jl U-^Nj c^JLLN ^IjlpI a_*JJ ^J| JL* aJI Jlli ^ 

oUJ y>- y c^JLol a-LjJs? otalJLo Uk-^o 0-*-5jj t *' Voltaire ji aJjIj_*j 

♦* 

iJLJi lbLvi^« VSL ijjiaJ ^22 i5 yu> l$JL>- oj U j annals of physics c-ljj^aJl 

. jLiJl 

p £ 

iCandide JoAl>VS jl Voltaire jJJ ly 21LJ 

c oUL**oJl j jjsJI {j* y*~jt ^ j*Jlp i — >LJj 4*,& i 

^3 J t l$l5 I j-J>- L^JL^Lp <j j5o l)I ^ N 0 jw^L>cJl A»^pljO> ol Lo jJ> ^<>j-> J-& J 
** 

y£ 4jL*JuJJ aaOpj 0 j->-L*x 5 LS^L^w® Ia>- . iiSL<>»<>Jl j%Jl j-*Jl ^+J3.$\ 

Aj^J i Lp^N I jl5 j3 ol £3 1 jJl J . di>c,.Mg!' j 

t * •> > -0 

aU-Ju c o 4 JJL y~ ^ * £ diJ^ 

Aj jJLaiL j^siy ^yij • A^JaJJ A^o jJl Ojj-^Jl j-s^2j ^ j^L^Jl 

p t5 p 

ajl— 5 k^-^<vwj oLS* 1755 aJww»> aJ (J i^Jj oAj>-I (_£_xJl jL^wtJl ^_]g ol 


p 

A^J**j Laj C jJjJl Ojj-v^->t-f ^n^2>bJ| (jL5 LoJOP j_>- 1 ^j_) ^Lwy£? ! j-A^Jl 

. 0 j-*^5 IjU ^J-Hsb (1)1 di-J ^ yi ^jjo J*y 0f'\* i &\ yo 

^P ^5 U^U! ^Jl ^ ^jjJl ojuh Jlp (1)15 ISJj 

i P O ^ P ^ p 

^ J-*-'-? • y w? '^' ^ ‘^■ x r e J (Jyjzij-* '-A:' V^ (*^ 2 I 

p ^ i? P ^ 

y oJj-Ij el^L ji*>U- ^lp Ul£ U-O^ O' y> 


. JLJI ly > Lj Oj-JJ (1716 _ 1646) jy . jJuj . ^ (-S-) 

,(^>J1) 1694 _ 1778 (s:-*-) 



g-J) 1^11 AjZ^uu 
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jj-^ ^ (c^L^>rJl L $->-jj oJ^ol lil) ojJL*-^ <L_pLj a-~5 y 

jj^ 4<JL>J! C— >IS LI j . Lw .^ y K^d»*JU o*)L>*Jl IJLa ^j>-Ij 
The Diatribe of Dr. Akakia \~S\S\ j ySs\j>^ ^y^yyzS\ : <jljj^*_j aJ ^ 1 - 5 

“* S# ^ jS 

^ 3 l. tf . -s^ ? ) 1 ^ ^ -1 1 4 - A ^ L ^ ^ -a Lo-.,,) Ip ^_) y^ 

<- *b ^*>Lp ^ owLLJl o j_2Jt JL^*jl**I o jbb j-^?b j 

Z- :iit>UJL Jjl J* JJjJI JjUj 4^1 Ji iLLU 5 j j-^JI 

^ 4 P J* 

Lkjli *1 j-^Jl I*La Jb* j^5L O' aJ c-jL jjy Lo-°j • tJL>- ^-JLS* ciJLSb JJLoj 4 AB/BC 

^ p p 

• ^ iSyjzy ^LrH 4’^’ lM \jt -4* y vr^. 

aIp JJL*^I o jft3J>- Ay j3 i^y jdlJ^ 3 C-^l jLol £_Lj 

£^>L*JI AjUap^? (!LUl ^j-^rj) *j-L*Jl ^ LS’lS’l jjiSjJI 

Ay^ bl j\ Oli Ji JI^JI A^OJjA d\ <JL^y ^LkUl b\ V\ t^L^Nl 

— 4* 

(^y**^*"^* ^ l ^J ****X~.*m+**m.»~£l 4 aJ b>Xt^ ^_XJ L-A Aj\j »^r<>.,)| Aj^» y > jj>C~> .^Lp ^ 


JlSwl !ASw jU aJ JlLjo ^Jl1<JI 

44 V «• W 

✓ 

p p ^ * /^ ^ 

. JlXilJl lXw« \j>-j^'l — A k]| Jii JjU« j! N 1 

> 

^ jlw-l iUj o jS ^1 p UL?L (JUbLi ^ yj-ziy* ^ j J* oNli* oJL JiS j 
JJ^ Jj^Sf Ji-LlH jlS'j . ^o^Ul 

♦ *^ i 

4 4-^-9 -* 1 i^y^ <m~)\ j A-£j ^jJ>l ^ 4 Al*~& Aj T"*- ^)A»wsJl 

lS~*~ ** cJ 3^-A-s^ /^Lp y*jK^y^oj 

^ * 

OfrL^j 4 \j^yy^ ^\ *y>A]\ ^L^jJi ^^Lp ^LJI Ai^_>^i 4 Ljjjl Ab 

. I ^-<1^* — \ y^S* j U5 — C->b (jl L^j. 4^U^ JL*j 4- Q.y pJi3 A^>c-sA? 

o>L Lv? aJ^j>«_) b J-LJl aJ jt-LOJ j*jLi!l 4_^o L>s_J 1 jjy L_a La 

w>t^ Jl oLLa^I LS" ,J / C j .*w0 L> O ^LJuJl -^> A_<J3 . A a *i!l __P A^ .: JL a 


r* J ^ iSyj^y 1 y \±>~\ j [+>-j ^\ jl i _ r Jlp ^^JLo (#) 

. p^vill 5 AP ^w»Jl 4_i j-Lj 
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2]jJu ^ j-Jl <LJLsluJl L®~* __ r iS'l aJ j y 39 £-r~d 

Aao ^Jl 4j| (^j^. c jS £*J ' (*4^ < - ) ' 

j_^vw)l j_»>-'yi IJla . o>L«Jl5^JI (JL»_*jLu>iI j 4jL*wJ_aJl <ub>- 

. ^Ul ^Lp yJU IjlJ 

4 ? ^ ^ ✓ 

al lo 1 Jb Jl>tlJU J jljJbj VSL aS y»oj /^LxSj 4 jj j~oy ^4^ 1 y-l 4 _>* j y 
yo i yS ji iLJi^Jl j Inquisition ^Qai j-Aj tci jJl cLUi y 

UjUpL oNUUl cit^i Oi ^ coi>l JJi (« tr u J ^sJl» l«^j) yJy JUpI 

Ojl jJl yJ ji y L^L>I y 4-*yo olp *X*j *J aJLU y 

•* *» «* ' 

J y y? jlSL* Jl?-I ijlSS- y j 4«Micromegas yl>Loj^£jU)> y 

i* ** ** 

4olyL>«Jl ^j-p LijLi ULS ajL-Jj ,y 4 >/? g ll JJflj v — bSo . isjLoJl 

4j! L° ^LSUl ^5 wb>o 4 (J C A.dlgl^Sl y^o^ d)( ^ | 

bH J' 5 ^ ‘ ijjkA Jj 4 jyf^j <-rij A 

CXsP^ _b3 l5 ^yJ>y> o! JLpj j*J 4 LjUh <Jj*2 

^jlju ! jjJ_Lsbl JbSbi Q< • . ia 3 4jL)Lia_* ( J-*J 4 A-oLo-Jl J3 (_y-b 

. aJI>- OlJu^Jl jJi aJUwx! yo ySSboj 4 *IaJj A~Sj yP y ISLaj^SjU 
y-^> y^> j !iL>S a^v- <u5l>t^jl jl ^jJj>JIj 

#4 

^ys ILwJ> ijjyj 0 jjLSJI *\j^>- ^L»j>-Ij aS>-L^?j ybLJI 

yo ijiajj 4 i»^u ajs^a> <cu oL^J g-Ls.A!i ^ui ^yu j^ytj 

t!^i j^J <( • oUlixilj £yb'-i (Jj** ^ y ' 

. bbS L>“ yo oUjULJl 

yo A-^-S , yJl oiUl ciiij yjJJ J Jyk-L^Jl (JlAlj^l iilb LjL>“ f'wUJ 

5j j la j Li! j (_$ JuT ^4 j l^LJ . Jj V I L^j ^j3- yJl i^Ssj>Jl 

?an action principle jjyo y ^L? yp ^ ® ^ 

<U^L>Jl A^wsjJl 4j jjaj yjs . JJ 0 AP j+~i\ Aj jiflJ (1)1 ^-v^ljJl y» 



frj) fill . ' yA ) I 
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O j ^9 • C iwL^o . L^w& ^ ^j 3 j ^ 




cr' — ' cn — r~- Cri* 

*• 

i* 

la-j^J O^^Ln-^Jl j-* a_p j cLorentz transformations 

^■**~*^b L&l^j U5 c->LolJu>-| 

^ > — * 

.olil Jl oL»jJ' £~>jZj <-a-~> ,_ys-i«Jj siLilS" .jJ>-')!\ ^1 

<J 'jz ~ j UgjL e Juo J^xJi ^i ^aJ 1^11^5 ( ^kj j5 


o w LfJt jl t^Lorentz symmetry ^Lj)) Js> jj-*i 

Oj-£o <Uj-^ <_r®J * (( Lorentz invariant ^j^sj j jJ j^j Uo> 

" *> 

. LaLfcj 4 

i^kj 3^®' J* J4* tf. Jd' 

OULJU iLb5 k~J J c/ibUJl ^ ^o5Jt j^_ il ;ui 

xa^JU Uks ^ Lgj! ^ J>ld v Jbyj S^,Uo JOi! ^U, llAJl 

JlkSI JJ ^1 4 J~p ^Idi OyUl ^ c^JoTl jS JdJ' yaL. ot Lip) 

oLjij £-* L>Uj <jil> JjoJ! O' j-^jj - (Jjj-k O^j-; S-r^ 

. ; ^jjJ 

lySf ^ jj-1 + /3 U 0^«aX^J 1 4J^ ^*wJl 4j ^Jfib (jl ^-|g->a.^ 

■- «* 

. * j-^Jl oLl) JJkduJl JWI j^.L-S/i *5j~a o^-y* <_r*^ <0-^ f y& 

IS0^> I jJ VSL *jhO 0J S Jl 4^-^Jl ijjiaJ Jxi 015 ^ 

J* • OJJi Si Ja Sjj^a ^2^0 ^5k>l O' Jji Jd^ 9 ( j'- 4 J ”^*0 • 

?Ui Laibs Oiii 015 

*4 


t/ W ®W^"' y® jjyir 3"-^ yj^" ^ 

JUiS/' ol ^ <• J*a yj® 0^ £y*S (J 3cr*^' ^d^ J ‘ 

s- «• j^LiJ' J^>' y4 jX^ L. <Jc-yj . £jX L^%- 

£ if P ^ 

J5 4.^10 Uj ^>yj> y>\ > j' Jjj SiJ JUjC— U «i-b>- SjJaJ 
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.John Barrow jjL 


* CP j -Lj L-3 i**^>L« ji5"i OjLS" * j-*2s-U o ip Aj jiaj j i iJU 

?dil I5U 


c_i j-sA2-J l ^_S\J>- cLwoAp o . aJL*J ( 2JLI i)*yi 


JJ 




31 


yf ^ j^ 

^>1 U^Jjl I 0 L5 wX^»— ^*3 j io JJ3>t^3 oJjfe CjULa^I i5" j-*-^ 9 OolS" La-3 

l$f £. ** £ £> ^ 

U^J i)l Lj 1 1 jJS cJU? Jl® iJU-p oL ^LSI 

(John Barrow jjL j jl£ ^-LJl 2^ 2r° 

t ((Varying constant Ouli5l» oL^L U-i jS ^Ip y*j 

* * 

. LxJLL* j^p oNjL^xJl ^ 2 j^ - ^ t ^jJ 0 _,SUl Aj ^ • **' U ij)\£' 

ISU j\yr L jjiil* : J Jli aJ! jSi\ LbOJ. Uii ClJi Cl- Jij 
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4 Ll^P Jj2pl j^Jl i-i-fc ^ oXj aJIJL® 4jI jJ \sJ&jA jj5\J Jl 

^jJl aJu ^ l ^j-o UljJl j£\ Ja->«Jl aApL^j PRD *X>*a Lg-L-* jl jP> 

j ^>- ^p j&\ M ^1 liUi 4 JL>- J 5 ^^Ip ia^- . luJlio ^ 

^ 4jwO ^iS'l J Aj 4 O^X>eJL^Jl ^9 ^jl^ ^JA® ^j-^J ^ J^i 

^ •* 

« . dbUJ dL» j J <L> Jb- He- ^-LJ! ’ll ^icdJ jls 


^ I jJL»-p y <>-* jLv^l a>-I oJL^3 4 aJJL^® ^ jl c.^.’Jg 

4 £^j> j jL*Jl ^jp 4 _jlAScu 5 bja>*-* j ^S1 ji)) ; cpL>-li 4 aA ajIj ^jp jj^- 

^ J* ^ p i ^ p 

« . aJj^j jr* j^' y <y ^y ' 


Oj-UcuJ! APj-wJl NL Lo J^oJL x*-> jjj>- jl Ll<>Ap j»LI ix-jj *L*_> 

, ^ ^ ^ ^ > 

^jja A> 0 <Ad j^ lP jU j~A ^ j/?J 3 a^ LA^ . C'^-s^i-l 

s' 

! ^aJl 5 PRD aJl>^ ^!l IoJlLp j l^pSl® *jAlU s JAuJl ap^I A ^ 

- ip jLS JJfc iAjbjJl J J-U 3 I ^y> I J J*-S> jl J jAl yp if^3 

4 _~~oj . Ul yLA <\J 1 Oj^Ip jili Jl*-> J L>-w< 'V 4 [Ulj 

•* 

4 j^ 2 >c-<Jl ojjb 0 J^-P • aAjjA? Owi^O jj 2 ^- aJLAo ( j-P oJp- Jp! j-p 

Ujj (jjLJl li-* ^ 00 lP' 

. N ^ y?- 2 iJ ii 1 J^?l>Jl j j-a 3 I j-a>J t L*^ 0 _^>- ^\j*z \ Jp 

_ ^ £ £, 

^jul c-i jl>c-® c^j P j 4 LlxjLp Uj^Lo jl Ju j_j aJLS" I Aa a_Lo«*j j jsr l^-jj 

^ p p 

^ l - - - * \ 1 * \ S' 

. AjOIj 4JLJ&- C^x-v^l I^jO j 

> 

Jl«j 4 LoLj ji>-T wLw? j^SAj O-Lij LJI jlw-l j 

o^Ia_wJI ^ja <^$-^ <y^l oj ^ 5 A<Jl cj!jL-*J 1 jl 

^ ** ' - 

oly^ ^ ys\ ^l ^ J&J^, ^ ui^li ro^UJI 

AiL-^ SjLJL, 'aLjIp ii>j J 4 -L 0 Jui^i L^ >JI U>^l dUU ‘a^> sjl^ 

to . I-L>- AjC~gS> <^>- jJl Oj15” . 4- * . /I ) ^3 7000 
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jIwUjI 4oUL*Nlj j*-jLuLJ| JjL^j ^ 

L>- ^ ^5 jj f 1 ^ <UJLb t>° b^ * ^ LJ 0 yr 

. c^ois* ojj i ll>- i gt. .?»-i (j^j\ 

a d * * * 

bb Milne ^JLoo cbj L o^j aj>~ ^ xsl Lb jb L>o jp*j 4-*JL> Louj 

•* 

> 

J^SI L^Jl*J>tJ U lJufc j 4<bL*JL l^wO ^S1 4j*olJlj <L>tu~*jLib £^OOL> LJl j^-*>l 

l*J J^u aj^ja Ikp JlpJ j! luii L^ijl A*-* 3 ^Sb- 

' * * > 

ooLN jJl 4 _>-Lw^o ^p I j^S ^JJL> 'y LJl jjL^l 4 ^-La^wo o! • ^w^L^xj ^t*^L<»jJl 

o jJj bjj • cJLSb j-Jl bLSb-n 1 j+ZS OjJ-> ^ Ug-»liL- i^\-P Ol Nj 4 oOj>cJoJI 

J-*' ^ i>oJl o*5U>j oC ^ JJ jV ' Lfcj'jj yLl Lf-i oUlj^l 

. tjSL^Jl i*5Ul 

^yiiljJ jjfcj nothingness i-^JuJl jy JJLob y^j oLpL*j oLpL^J 

(3 jh]\ la.*** « «t ( j-y j • Si jJL« jJL>- b^i U-LLto Js y~ jyUJj 

•4 »♦ 

( 7^o Iwl oj j^-^° EjJj ^laA; US' l) 1^°*!)L11 Ja— LLw>-l a>OjjO» lLLjLoI 
j»- 0 N I <. ol j-Lp Jyl* JjJj N L^JlSLx .s-Lp jj*>Lj _ jj'Xy* - JJ^JJ 
4 a 'k- ^ 1 1 4 - a*/?jVL> J_w<OL> ^JJl ^s-LjljJl jl jJaJl 7^» b-b<s Ja-JabxJo b j}-o>-*Oj 

** 4* 

bJJ ^ jljoj . y~ y i_^^j jL>x-j^Vl L^jL>tj ^yJl ^jljUJlj 

ol *J1 jj . L_iijj o N 4_Jb J?Llj iJL^ ^ ij&U ^Jl lJ ol j-j 

; iftlij o J a>cJl^J 1 wobN jJlj ^-^joJl ^jy ^ c5^ LJljjo^l 

^ ** 

4 OjUajJ 1 jjl ^ jj ol Oj^ ^Us” ^ ^-Jl iL>«-*AJ ^JzJLi ^C, j >- 1 olSjl U^*J 
o^-jLo 4 -Lowv*»! ^Jo&->s-> 4 ^)Lla^ Lla 4jl_>&Ji <loL^JI col^juiJl ^.Ul 

3 J^r j tjL-^l LuJ JjJa-j Jj-^rj ^ : Jr* JU->^JJ 

^jJJl>*j pJ> . \y>r j%Jla j 4 cJLw^I aJ*>\J JjJaj 4 JU-b JjJaj 



^ J-tul 
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J Jl>1 UajLk* ^221 _ ^J>\jj}\ < _ s 2A-L 

^ 44 «• •* 

4-i C~ .A ^j«!i gjjiH ii* olj^i jio ii iU jii ^i . yi ^Vi 


'^i*- y^fJ'^2! 


C~i!U * JaJia £~U-*Jt aX*j^> U j^oSju N <Ja^jU jit jl o jy y5U 

^ ^^UJt ^j- 4 f» ^ ^ -L>Li ( j-» J C OwLP oL*-*L>- ^3 ol ^^L>wa 


c^-4iJl ^y! JL^Jl c5^ j-S^j * Oj^Jl c^L*l>ot ( y 4j>cjijl 

tf ^ 

L«JJ_p <Jl3 Ray Volkas ^»LinJ y ^Ij> a-o-<-«I I ^ .t Qj^^Sa ^3 

4 (_P^ ^ C^jW 02 -^^ £yyJl A. iaj I^-jLj y ^^U-o VSLijjiaj 

xJbT Paul Davies yL-* <J y c~iJl JJUJiS' . Ait> y5i Ji^l t*i 
y < lL^p i]y oly** Jy ^JJI i Adalaida 

oJJcj\ j\ jii I I Jut J^4 y* j , ^Ul 3 I j** I^^aj yJI 0 jl lvw<Jt jJL«Jt ajLSCI 

c^i Ay C~> j«S\ l a-Xp ly*-dd»j djy-^H iL^ixJl 

** ' *♦ 

^ j^»t Uij Alli^N U> yjl AiL^I c Aj JjilL* jJl*JJ> 

^ ^ tf f. 

**>- J i~>*i 4*JI 2il*A c-> J5 o^ ^r 4 ^ ja%JI 


jj-L-*j jjUI is Canberra J2l5 cJLjli ^ 

«( "3 . ^ £ ->* 

j!_^>- ^ s __ r ~o iiJ^I <u J^wStJ J^s _ yj jjk j tMt. Stromlo jJ^ j o2 jL« 

Ul . ^ii v l>0 ^ l*j Vj =it ^1 5j-Jl ^ ®iU: oJ15j . &£1\ 
** ** ** 

J^>-l OwLpL^ A^ab>«Ji ^3 LJLU C-J^S* ^Lt cJU^2->t3 0 ja Jl 

cJaiw-1 i*iljJl Jjjj ^ t Nj . wiLUjt ^ aJ £j _^Lo JLiJ 
oT^Jt <■ w>t yi-dl Si jA ^ <UaJ! 

t _y j t . Ja3 oJ^Lw-oJi t_ 5 ^° . j+~SL^j pJ Aj y>&pL l ,g a\ 

^Li XsA diLiJl ^1 p Jj-^ ^ JJ^lJl C ^>- J t oUI yw5- y« jLs^>- Ja^»j 

jL<? >2~w>- t ol.l a « o i l iii ^ji jIajIj L>- jJ jJ^uJl ^ ijl \a^ i 

(J!^ J ^LJC^I JJ jJUJI ^ Jj-dl o^JUUU 
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Aj jiai yo ^X® 3. Ou^L® LLLdl £L-Lp (1)1 Ip*Xj db" ^ ^ ! d( d>- 

. ^JL»- ol or. la.® ^ iadad® IajJ^j <jlj VSL 
«* 

£ 

New South jJbj ^»jL 4-*^U~ jjj' olS^ LoJwo y>%jl 

^ *" f jb \ 

Jt dXUJl ^Jlp j»^aJ l^jJL® iLl jjb d yr dl5j . Sydney Wales 

JajIj t Li JJ y Lutx.ll Ji -J . jjL LjjiJt Sussex y£l~L 0*L- 

SJ»Ua oL J j^l Lif-lil d)l ju-p • db>- ^il dJUu- ®Ljt ^ o^® Jjl LJidl jl 

«• *• 

•cS^ 

^ fr 

Jj*s)) I L^JIj-LP 4^Lp Oj^U>t-a 4 0^ j fr*. * j' 4 JlL*_*JL tyjJl -Li jj_>- jls* 

^ OolS ^ ^ la. * ** > 

t^i jy>- ^ *l>- L&Ip^La>>! JJi l)^>- v^L-)-Lj>- ^ylj 

. <iLo? ^ ly-* 

*_*Ll o y ^LlxJt J jbJ John Webb J-y o tu-wi* dUS -bo 

jjL> O yrj c-lS t <u^iLo Auddild^ c^y- c lx-^j 

N ot jLju jkJ! <yU J J c Lr *L r J\ o J ,«kH y yu£ 

^ ♦* •* 

c Udui aJLp — Utj ^-*5 — . * LL*Jl Jjlb *ldl y yJJ 

* 

^ jL^JXuvNl oljJau h ^» j ‘•<y r Lp ^ k_jj ^>-jj Lj-i-jLuj 

^IkJl ^ bL~ \y\ yJ>VS\yJ\ J jLJJU >-Sll -L >jl 

1) y^ j jLdl o d^ dj“l-*Jl L>-^>dl L^^xdl oLa -Vau 

il J \^jj U®l>J! ^ JLM r jJl ^ LLUJ Cl ^ .[jjL] 

TT - ♦• ' ♦♦ 



* 

„ <ji 4*^ l«c«u- y pLy Ji ^-*j> dijc^i ^_l -Ui t jLj ud>jL^ jy l*^uj u yj>- 

dUi «-j-s^ yj . oUj^Jl y pU_U- I 4J c->ljl»j J-^ N ^y. 

6jLL')ll 0-/3 JLaJ Nature AX>s_d j p-Loj ^J 1 ^-^' ^^***1 < ■ » uj (J-L*Ji 

** * 

* 11 





fr ^ i 1 d r jM a ^ 1 4 1 1 
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^l*Jl Jfju# jyU l3 UdL*j>- J^LuJl ^*LsJl j* £jj Laa^ ojk U jlc -^ j 

^-L«Jl oj*Aj — ! g-j^^ifg]J o Jl A£- Aj ^llj cAa^ULo UlxS^ 

^1 M jl ■j&\ JS 0151* U-u, ^ ^ Uj, 

y L^S'l ^1 J yr a)H* y 4j C- olj U^jI y^y ^ j 
— -* «* 

t k® - % 1 1 I j_& ^S ^Ja^txj — Ulj (^J-)T — LijLit-a <»-3j p j ..<3 U Oj^Jtl^Jl 
VSL hjal ^31 jLil Ujap %al5 LJI JjkJl Jjp ^JLp I Ji^. Uaj^- j_p- OlSj 
L^L^^aaI aJ L*2-x*_L) a>- i ap ^*- w d-o ^-^k 1 Asj^ ^ ^Jl o-.< )) ^ < 

a ^ 

033^ . AA^- AkO-kJl tk j-*A» aJ^I>^-o N C ^^Jl IJL& ^3 AjjJ 1 ■ /■> ll Ap- 

o^k*. aI^I J> Luj— I jUkl ^JLaAa Ji VSL Aj^ko aU^aNI 01 J J diii 

J^aS OJJi J_uAi tkOJ! kL-jVl 
«# 

O^ 0 ^ L5^ 4 Ajs^-aI j £ I ^>-1 j ^ku o A* ^yjLj O-^J-P 

*♦ ^ »• w «* 

U ^Lk Jk-j ii tuj j Ij 4 ( jLi \ I dJUU]| *U1 p 
ySj>X^ C L&>- I ^~JA ctik . * J> *k.L) 0 <LP l) ( jl 

4* «* ** “ 

^Lol j^Laj>Jl V j y*+> <wo^L^ c5^i ^o-Xj^p ol a xj» 

J-o-^j cJljUj <.^3'y6>- jllo l^LiJ cJl5 ^ ; ,,,klL > j . r ^t 

^-yJl AJ _PaJ J-*-aJL; 3 jkJ U_ij L^J jJaJ oUj I j-J^I la_> j-SUj t (_5 ^1 

\ j^j\y ^-6“^ dU^ * A^Ji * yr jk Jl>-I 

«c^ <w-j j-J>«_JLj 1 ^,.A. P A y ■* /?„! I A-P 1— A-jL*>( O 

*♦ 

j^l>s-u ^ ^ p-Io^saJi , «— k-v^ ^ y>- ^yt* 

^Sis>cj OjN ^L*-^LS" t AjI j-P jxy ?\ ^3 j-gk j W CjLo j^Jl ^-P 

aa^-3 aJI ajjJJI a^-lJI ouLj m La ojj • cjIjJlJI j jA>-!^ c->U j jA^J'yi is* y- 

ig vi 4* £, 

(Ijl +/9 : ^1 Alpha LUl) ^atomic fine structure constant 

<* 

.c ^1 p 
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4 4AL*^o i )\ jJl £ LgjlJjjASbj b jlp AjL>s->» fr j) *, <g .1 1 LoA^-P 

s' *ji 

yj ^jJl iilkii ^Jl 6 J Jill t *b5Aji is* jjaAJl y* U-ij^J UlkJl <y ojJ^s 

6 Ju* U\ jLj liyjJi L-ljJdl . OI3JJ1 JJ-b 4 p obj yiJ>M 

. «4jLJh U» bjjJl ciLi^bU jb 4 <w?l y* SAp I? jia>- ^tjJl <y 

*L*JlP /*oCA*o 9 . aJLJsAJI 4-A-Jl C-oL> ^ AP ^ip A^A«-tj 

. b^lAAo oAj c-ull!! U*S jjjJu AiLJb>Ji oA_^j 

cJLUbi 'll jk\W Sjuj tliJl aJU- 0 jL*Jl <y c bt 

- «* *• 

. *jj*M ip^* ^UJ A > isSj^ 1 

- p p # . . 

<L>> j Aj AlJuiil *U1 p L^J^J l)I l ^ l)I AjjAsjI 

^ jji j^>jJi A? • *3 A'j Ai <3iA U* ‘ c/° 

C~2j 4~iji o!yjo> jp- j^UaJl 5-j-vaJl 6' ^ A <*-ajjij ^->j j_p- ^ ^>li 

tf P , 

<j' Ai 




<lau 




L Ai l l ^ Jl jiaJJ lJU c oJLxj Lo!jJ>“! b^\ A.^? y LoAAP U! jbAllJ^ . d.b>*-a AAjbJl 

. Up l^Ui; jA\ isL~Jl j ,yCL«i ^ L. j ^yJci * jAi ON 4 ^Ul J 

♦* * 

. yjJi J?cZ Ull US 61 ^\ ^aJ Oj L$Jl <^*1^ ydl £$bJl 61 iAjj 
35 j>\ oNUa^I JtiUL* j) U>Ul ol ^ iill A^-l olS lib 

b! c aaLj| y3l 4 j>-L>o oJljb ^aIaJI o A-*, bl c bl , ^* J . 

Up c j U i o^bcuJl ip^Jl b jiiJ 1 LjJli a^j a«J j t Iaj>- L^l 

b jloiH 4j Iaaj LoJ L*A t L&jAS Jb jAJL yJl L&Aj>-j Ax-^kJl jb 

. A>w>c-s^ A*-jy>o ys 

A_^wo2j jl>ii b >b* J-oJ>-l 4 I Aj>- J-bi? <y*~JL> aJL>&j LJlyA»l y* AAP 
l^JU J <, L^ibj JJ I Ju JaJb- l3 jl^. J ^ Uj^I jLx. 

1 jJi>-*>lj jXJ ^ ^yS jL*b> j*-li*ba ’ Ai C~sN-il JJ-Ul ^yS 

. ^y^-A lA' t r~ < ‘-'~^ 2r* -A' A* 
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^ p ^ 

**-*-> b^i jjb bj->- JS^bl b® ^ j^“i jj ) ^ ^*Jl C ^wa - g 

♦* #♦ 

lo dUi £»J (. A3 Li LUp cJlS - .PRD ii^o ^ Jyb oLpI» ^1 

. ^JlP *Sy^ ^ I cJ>~- ^ aJL~JI . ^ J~Sj o| 

«* 

j' VO* ^ ^ ^ y**->. is~- J>J 

^3 A^wOj-Jl 0->L? J . 4j -Ou^Ji Jj-J J LL-9.2> L^_s<2j*j i)\S 4 

#« #* 

c-^w-w*“ ci-Lil j_b • J-SjJI ^JJLaj £ ^.oJl p-Axxj Loj^ j j^J ^bJNl 6J-& 

o|j . »wbj jl axl ajL^-> dlb ^3 L)LxJ j « * «,/? 1 1 l1L<>JLp ^jA>- >Jil «.*«£,) 

JuLSJl jJl \_p Jg j-w- ^ j l&liliJ obULuVl ^ I^JlS 

^ ** 

^ 4 ^ ♦ * * 

Iji^- jl j*-g-«Jl <jJ» '-^5 £~0J ^ J ■ 

iiil^Jl oUJ_*Jl J ^j- 5 ! t> 4 AL.JJ Lr^ JH> jW^' <_r® 

♦* ♦♦ 

• l ^L l P 

M *♦ ^ 

cii-Ap wUmjL * j-^aJJ o ^JcL*Jl ip j^Ji J^3 ^3 <1)1 

«* 

> **.,> p 

cJi^'Vj c jl ^3 ^j^oLj^iJl 3^o bJ-P JjJjw« C-^aJI JU23 ^ ii ^ol 

** p f ^ f 

b<£Lvfi-Pj? JflL^wwJ ^ypbtw® 0^-b>->O^ 4iJ^“i |> ^ .» b^J ^ Ijj15 ^ j I 

^yil! c-Lap^I 01 J y£ ,^1 <. Lamarck i^jUV aj ^lall JjJ j . Ll«J ^pU^Jl 

M ** 

. 5 jAliaJl a ii <o^y- \jjs t L?«jjX I^LIpU J^J 

«> (J cP L — Jl ^ >Lp SflL- ^J 

jjfc 4jL>e-^Ji jjj>*j Ujbi ^iJl oLs^l ( vjt> ^ ! c^Ll^L^Jl 

4JlbjC-^w<iJ I ^Jl wL> wL>o La ^iJjL^aL Oj C 

^ C5® Js^» IJu * -iij • c i*J ^ico" N ^ jU^Jlj olSUJl ^ 

M> »• ♦♦ 

^ OJ15 ^j-*r<aJl A-P j-~* jl bJJ J-3 AJI ^y? jZj\ . y>\ 

H <* ** «• 

N ciii^ jL? b>J^ . 0 J*'*' < '- j3 -“'^'' J 0 ^b\Ji j ^>_P jlS' boJ^LP A^Jb>tJl 

Ow>lb L^-LS" bu bl.— <b I o j^L*-^a Olpj .«,j ^Jw<>JL> dbLi t di-3 J jp 
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<£kjju» 


C-JIS” L^jI o j**-p i « /? > jjbsJl olb LoJlip ll^>cLv^o 

• b < w 6 > ? r <i < i^ i < S3 1 1 &£* 1 ^ L ^ * *- ** ^ 1 a (_) 1 _c, ‘ •UiO* 

V jl U t ^s^j-<Jl li_A !Ajjis> — Ljl j ^JjT — L-liLj 

°W d-US J5 £* dHSb>L jjib jl bi "i/Jj tU bUi^ ^Uj l$Jl j>3 Ju 

•* 

t> _5^- > ' ^ J) I " S K£' ja^j <1.~J>- dJjLaUL-« 5 yL*-<o 

** t " 

dUS jl { J-*-aJljj . 4joU j jl 

4dU^-9 jJj>- j ^ JjJjJl olji <uJ*w2Jl oLpLJI 

•+ 

JwLj jl ^-Lp j- ^o i c^lS* blj . (j-^-^Jl ^-Lp iJLilJl u-y l*Jlb 

^ j-^ Ol -L>o jl J 5 ^wJa_0 c jJl ,k, ; ,./? 1 <L>r^ A^/9 1 1 4 JL ^JaJl oLjLL^JI 

•* 

- jr^i j+2}\ *jJsi\ 

^ *5 ^ ^ 

**-*“T*taj • • • bbjjs (_£jbb O-Li-pl ^ La jlbLo ^3 o jj*J 4Jj> jl Jb bf t j^j 

'^y- 1 "A>-t jl jyj^ {jA <W5bjP CjLaLU cul>-ij 4 *Uk J^>- J ^4*^1 

jLSjJl OuXLftl J*3 . vl^Jl S/S ^U PRD il^A ^JJI jkuJl 

♦* 

Ji>l ^1) 4 -jj j>>- ^5bo :/»Lf])H <ua j~>«J jl U^s- <^3J! 

jaLjl> J i jJ-P C^ij C--w>- t(4j^<j| isj ^ L^Jl 

J-^j ^ jiaJU-^ ^>>^> CJ15 Jjfc . c L^j! J^JLp 

j^SlU O^Lv? jl ^3 4Jw« J-^23 ^P \p (J^jwUJl C-^b <La A^l l ioli^oJl 

liil iiJjJl is^Jl doU jl . UklS ji vl>l ^>JI frU- jJjJI yV-w.ll.. 

‘r’^rj’ ‘te2) jjy£jy\ k^J> gy> i__J| Jj^k j^- 

ll L^-LS" jl <u^jJl o.1a . h jjj*>k c^iLj c 

*♦ 

<-J-JI CoU jb j . JjJaJl 4 -jj^Lo iiUaJl ^Aj c iJ C->IJL?-jJL jL-LSj 

IlfJ jl ^ jjj ii 4 lf\i oU>- jJL £L+S J> SkJjJl 

. oljL >- j OoliJl 

s 

^3 <U^L«j (^jJl 3,14 . . . 3J-«Jl j^Aj) pi jl V*S UUJ L ^J>e^ t^-Aj 



* p 
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o JlJLlI h~>~° JjA> L-Jl ^ • S^=-j IjJ t _ r J (7T j-XJ' 

f' ^ A 51 ^ ^ ^ L5^ 

j^Jlp j\ oIJl>- jJ! ^^JLp aLo oS N iwlp UJl jU Ji*JL * ^loiSfL 

. ( J jJCj oli <u>j>w? ^1 ioj^iSv-Sj^ ap1*>) ^LaJI <y 4-L^*#jJl 

o jj>- 1 ^jJL > U-S* c aJL*3Jl!I a*oJI o-jU> a-^o jIjJLo»I oLi lo3La>j 

✓ 

jl 5 LLp ^Jaij . aI^JI Sj*^* ° lS^ c3y y* 3* c^>is* t oj*l^ jj 

£ \jS\ 0l JL>tO tOl0^-jJ! 0 j0j>*J SilpJ j otjli-Jl o ^L*» &^IpI ^r° 


„P 5 P 


^>- JL>* A aJu ^ *LLS\-JOo 4 js^I aj 0^1 

‘ww »-#w r ^ j wjrr JK W ^ . Jr w 

^J <01 Nl . UJ Coi; IflS' h j c j e l)I JjiJl l^U-, ^'jP y* 

o| ?h ^*1 c ^1 e *. |»j-LJl LjJI oil . Or°j^ £-* x*~* ^ ^rj Jh tdJJi 0 j>*4 

jLkJi io* jj^ ^ jJa^ Jij-Ji iIa ^p iM-l *<3^ 

^1 caJl>s_*JI (w-^Lv^ ^jJl oJLlU £-2-* colo^-j aJ o->U <yH 

bU Aj y>-l ^jjt A ^oJl OoUJlN >jL*.y>- olO^- jJl 

5 Jjcj> jJ> Lfll J jii\ II < j~>- ^ c >-1 IjLi- ^ 

^hj cj e ^ja oil *>Ui ^^uJl j* LjjI . Ijlo^l “W ^ 

OJUju ^13l j-A aJpLwwJI ^j-L^I ol 15” j^l ol — lilj ^*-^1 — 

++ 

s' 

Jj\ yLs- iJ^P- ^jJtj tolJj>-jJJ ^UaJ j~s£ { J^->. ,^ic- 

^ y 

J^ : ,^ ^Jlp . aJu-p J4-J oIoj^^JJ Lo-*^* ilbA ol j*s- c^JaJU 
jJ . ol ^1 ^L*> jp ^-^1 o^Jl <. JliJl 

Si iSXP Ml 1 1 072 . 224 <, 579 ^ jSl! J~. Si dU ^AS 

olJ^ »iJ jO' 0> j-V. ^ V 1 ^ 

j (^Jdl j> jl^S-'yi I i-»j c diivi? j a]sL~j 
«* 

. I jOo Oj^*i ol 


!> 


^ ^ 4 * ^ 


p 2 
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UJl L^3 j^Cjj t A*~-kSd J-S^> 4 j Jteu * ^sJJ o ^JcuJl APj*, Jl Aj ^ iaj j 

* s. 

(Uajl h jl e Ujjj c l$J ol-V^j jL>-! <_/ lfw> >> jd 

»♦ 

S* ^ 

Owb^ij A^i U^lp IjL^i JjU 0j2>- C-o^>-l I wLa j . I 

£ f. i . t C ~ Z * p 

oJJL*-oj aLjJ? *u-d>Lj 4i*>dp aj^jcJI cddSj . dud c VSL dcc> 

P 5 

J-A — jddl dad* — C 0^3 JJ>i . C-JLs^j Jli Uj O i dg-*-o U JlALpI 

^y-* dju^Jid Aj^laj i y ddjL*-> ^ JJl v — ol yaJl U-djidl Add 4 JLJLjj j\ jld- 

• A^rtafeW^d 1 id$d^o ^dp 

jjJ * a5\JL^_1« Aj jiij t dju ji a ^ l lii j 4 A»^wwjJl Odd 

> 

jL5ol j^-d ^ J-p Jdol jJj . Ad<*}dLo jLajJt ^0 j^dl jJLSl old j ^ aJlp Ls 
^£. la..s.d 1 olS”j . Aj^laJi y^a ^ "V ^)Lv^ y*>- oJjwL^- ^ ^>-1 

oLJ j_Aj Lorentz invariance u ^J J jJ JjH ^ jlS jl Jud IdLoodj 4 UUJ 
dUi dL*_$ lijj ^A-adbUl oIa olJu>-j Jw<>u*od jl 4 * j_>2lJI 5-Oj— 

I jiaJ '(■'%>■ JS\ <_$ ^1 3j y^> i^d! <j j5c^. 


(-*-), 


^^j-Sd (d^i Ul^dpl J AdddoJl aJlA dl ^—*0 j-*Jl J 

wLjIS U>X«j oLw^LjJIj *djdJl jJLul od LoJj^p ^udd jJ jd ^JlI! ^dJi 
^5^1 cJjUj « .The Meaning of Relativity ^vjJl dr^° }) ^IxS' ^,a " J$ IjlaU- 
AjL^JL^'yi y^A < — *- " *S j+Ja-x-4 <cJj ^Lo»jo d^ do ^lla_>c_*AO ddS" ^S 

^lUl jl aJLL*J1 Ijl-o ^/LLo li- . LgJlJI ^juoj ^1 ^_jjL>d 

j*J U olj ip ^ ^Lp JaiL>J jl ^Lp ^ys^j ^jJl principle of inertia 

^ dJUl ?oll!l ip^Jl ^ L. J.L^j HSU . vrjl^ ly L^i J^j 

jl Lq| (wC^sJli ! I J-J La ^ ij Liwo ^JlS . iJULwo apj-^ 

C-JljLo ^>a ^j-o £jJ>xlZj Nl doj^j 4 iJdwv-^Jl od_A yc ^j/3 1 ^> "7 


J-va^> U-J jj J^S^\ d^*>yL L^J ti jjd - L.L^^i (-^-) 

• cj\yz l^Jj 4 VSL <iJeC y UUJ ^ j . UJl y ol 



oil A£.^ut j| 


IJla ol jJujJ • ^ (aJLL^JI <>*) dL*j-dt jj^ 3 ^ 

. L^o JjUs? N O'jJla aJ51>- ^ JJ^ ^AS" d-b^l 

L J ir^ i. J3^ l it ) J J^2j t-i ** - -a jP 4J Lwt.<aJ I OkX& *1— d in 1 \jX-> Vi_ * X *,# bd 

* 

'^y*P lolpA jb**-a 4 Ajl>- A^-JlPj aSLA* 4j jS>tlj sdLL vJ^ulSj 4 ^Lj^jJl 

* * 

^ l ** L^- b o^S ^ Jlp ^ * a ^.J 4 d*jlS" > ^L t lSwoJl 

t<J ^fu> 'y jl j£jj jJ<J ^J\ aJUojJI OjLS Jlo <j-a jJJ jl£j 

• ^i-^T if °y^\ ij^- 

♦* 

dJJi5 J ; iJlk.Jl d Jli l^jip jdl ioUl ii^Jl 5j v jAo" V 

«+ 

^ if f 

. aS" yLjL-A AjL.^9 l)*)L^>s-j <LwwwvjJl Aj jJi-> ^3 .I4J ^J^*-vw<aJl AJjbJl ^.»/?.ll AP 

bJL^b-^Jl od-A a_*_> . l}\*>- ^S j^-Ap ap^-mJ! u« >b oL^ - ^<-LX j b»_& L l L So 

• *\ijA\ jl~* (H>iJ iJjS 1 J J^l Vr“ 

\ M «• •• 1 

0 ap^-wJI jl ob^Jl ^1 jil ^1 aJUsl^JI 0 jjliS" 4 b$LjbJl vji^LjJaJl <j1 
^ Jl ^ 4 ^circular apjJ! J; ^5b aJ^/ b j_>- jt-ip 4* j,b?U 

dj-bvJ Ot ^jd ^ dAb AJUfl-sd! J j->Lis • olU->-j ^llauJ jJ*Z ^a jiSl 

f f 

^JLp 411Jum>cj *)1 aJ]_ . Ajlia-*Jt d j->li ^^2 1 L>» jj Sim ^i * i*i/3 A^j La^o ^^->- 

aijjJl jJe- ^ ifjy>c3\ iy_Jb J* LfJlJI j£-«-t }j£i> £/**t ^ J ‘LfJLo-*^' 

j*j 4 aJ j ^ -n j? aJ^L^wO ^ j--j d-U^ Jlkj sdLL^-aL^ . Aj|j-J( A ]aJ3j 

0 jS vjJL>w>Jj 4 AP^lJl Aj^jb d*ww*wJ I ^bJt aJL»j>- s_illi^Jl A^jI>- ^ iljJj 





*\jil zy*-+-> j' v_ol^>- dt a!^i>J! jy>^!\ j*j 

Ju N L^LoL^j 5jjJiJls v *>L> ijj^o ol ^ ol *^M toLLj^j 


61 ^ t iiU 4 ^jdt Jl J_j^ JJ ->Ui VUI J jUj ^Jl ^liJl J^L_, J («) 

(*—j^jcd1) . Jjjc-w cr^^i ^ oUJic*Ji 


o>w? 
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jjj c ejUl J^J-P 1 1 1 \A*<0 jl J* 

• ^ > " J^J 4;^kOJ ^yAJis-Jl (_5j^t<JI J-*><j q 

L*1p I jy^aj 4 jj jJl »1a yju Lb.b*- *>L-ai Olllio | LLpI Ol 

jyU L^i jlS Sip g\ij JA sjb-lj ,10; cJl £ J . <ubt&l jp e J\ y ^ Jl 

<y bsjj^> ai*x — no Lf^»Ju^ j^ip <u^o oJ jJi ^ \iSj y>- 

•* 

a>Jl o^L^i; iliL- LkjO Jill! IJla JU . s ^cJl 

y*-*-** L^l ^ (*->^ ^y 2jus js- j <. <j y~\ 

Lr£ jr* Ar*-" 4 iji L*j <UUUJl oy JUj»-^Lj . JLpVl 

** 

^ s 

* jiJ^ 

^ ^ ui ^ ^ C^1>J aS iJUJl jl jl y >1 ^ x Nj 

cJ^ 00 aj -0 ^ olaj 1998 4jw^» . iSLaJl ojj jJl oJu^ Juo 

* ■>! jiao *Ui!Vl 

• sJ^Jl olia^J j4 JA y> Jl Jjio J*J i^iJl f-Uxll J5 j*P^jj 

'4 ^ ^! Jjk!l ^ -bjl i JL^I i~U- 5 jO^ PRD ^li JLii 

^ . ec-L-tAJ xL*z ^Ji jjj>i>\ u jipj— ajt^ aju- aua* 

oljUai ^1 jp- jJl (Ut J ^ JO!) Liiij J jiJl >J! ip « laljj Jjj 

j oLS* aiJ . oUK ( wjj ^ J^Lju USJ {Ji <j? O^jSlI 

. LvjU jJl Jl ji? 

jl 1-1-3 4 \j j ^ jJl < J_P PRD j| e J^A jljJL;*- J3 j 

* i» 

^iJla» J_»_t- yisj) Jj^Ij c^j ^y y yJ\ U^_o ^_]| LxJLa. ^jlI; ry^\ 

l«-J t^-Ol jl j-p . 0 j (_>><-l ^ jJl (_jiVl jp L«flj_^*J jiJi y> ojIjj t ( j jjUJL! 

«* 

J^y j-® ■iJjktai °j-» j4» ^ ^o>ji oi iaju ,yj^y> yi* y *\ ^ 

(jii i_?-^-^ai J-aJi Lj_j . iii .«.a.— t (_£U_> iiLjj Lo ys 

4* & £ 

Lj^\j~t ls ^ ^-^ 2 - >o 1 ' r* t \^j • ®. 1 1 I ip 4jU_>“ UjI» i / cajT 
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6i ‘ 5jl _^Jl ^1 £r\ j^\ JjIp <ui~ Ij^S ^jjUxX; > ji <ol £frj± 

01 J (( . 3»LL sjj^su >_j j _,kJ! oUc-l £*>UsMl y> J> *Jl J U 

Li^ _ <ol Ml 4^SUJI LSjU* ^ « J* ^Jl») jji ^3 >_ jis U 1^ ^ajT 

«* •♦ 

* # .d ^ . . t 

• ^ ^ “ LT 

, *» *• 

p 

o3 j-P ^>j t 1 ^J| iL^iaJl ^ZjJl aS j*ji ^yo £^>-^1 *Sj>- j^Ji\ ^ j 

* j-^ , /j U o ^Jc^Jl AS* j-wJl Ao jiajJ A^»U>j>sJl £j j c-oIp t l, d.^ll *^33 

o Jwsjj^a dJ L> L wi^-P 1 - ^-JwA_A^L> £-*-*>1 Aj| <• i -X<-*j 1 (^-X^ ^ ^ jA 

4_S" AjjJ ^ ^£jJl AX>e-»XJl lILLj O^SL) *X£ J) * 0 ^ i 

1 g il ^ aLjo o jj& 'jA y} ^>*Jl lxaL>l ooLp UJL$ <. o^" • ^w^j>s-Ji 


j^Jlp UIjJ c^j I j aJLoN I y* ^iljjj . UIjj ^ j^ ->j LlJIJLa £-* <• p-d-XAJi 


s- £ 


j^Lp IiJL LJl JlSjI ^ j ^ y* aJi>«JI jJ 

A3 ^)Vp ii-XA (S 1 ^* 

a^JI 5dj^» ol j-SdU AjjJ AjLj J_jl j-& <U^I ^-J>tjl 

s* 

v. • 

A^j olS" t— Ulj Jbl _ Ll3 % >Uajl iA>Jj tiiij r-l o jaS- 

2^1 oj'iL*-" ci^ £-*j^ *«■» * «k^3 J! ciJU^ • UjUil>L o j-y^ a^5L 

ol ^Jl t dUi JflJcs^Jl jl5 aJI wXaipIj .a :; 5oj^I 

. ^*Ala i ^Jl J^3l 0 j^-S* OjLJ>- IAa jlSs3 . A-Ji3j d A«J ^ L^?^p ^aL 

. L^S cLU^ *• *xi wXjT o! ja> '^K*j ^i>tp J\ U 

^j-^J ^1 Jr^dJ * ^1 p LJlkj^j 

<J t ULo oJl>wJ1 ouN jJI oljL>c^o N a^j^UNI L^jL^jj-^ oL JJJi 


•* ^ 

brain AJc«^^i 5 0« A-L^Aj>«Jli IjXp \Xa ^ oX>j 

L ^*3 y~oSLi ojL*^l>- ^ A^vuij L^->Jj>tj LoLo_> a^jI^ Oj-^ll? «drain 

i._ 3 _1_ ^ . '^ T jQ c3 boJ I a\ ^ 1^ O^ J L^ | pW< , -a 1 , v-<>J 1 ^ O I ^ 0 J yy*?" ^ 
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^ Ok>Xj^ tO^OmA %0“ ^ f-^ ^ t/ iij-3l jr° £ r 

^JJlj) JU^ol i^.L»- 01 J^ili tjSS ' I ^ Ujj 

l ^ji ^ tjjuJi j ^ JjL? Cr^ ^ 

jS\J\ J Jc>-J lil J . MpU Jj £l5i ^yLw^ J cJjli J> j-J>- ^Jfcj t0^JU»CuJl 

oMi t i-j-oj^LS'Vl <L^-UI v >\Ji J> iJLkJl j^o (jl>- io jJl>*^ ^ ^>4 

• ^ l*k ^JL>- I j Ji dill jl 


i(^jijji j ^>jo ^^ui iuk^o aj ju^oVi ^ diJis' 

cL*->t-A-U 0 J 0 J AJUjJt' L&jL-JLpIj L>- ^jJo j j^-O ^j-&J 

^ ‘-^ (^5^^ cloLs^L*/2^>-'y I ^ 4 LJLp 4_oLtfJo i j^ol^o 

jljj Vlj <j; jU^jMl £_w* jiJl jt 4 ^L» j^Sj\ iJUaJlj jljjVl AjJk'S) iSil jfo* jJ> 

.(5J jSjl 

iL~>- ?dUS ^JLkj jl ^JuT tiUJ cdJUJLS' 015 bl 

J-^ M 4 <oL*i ( j - 4 ^jL*J JL^o’VU ! j-s^SsJl i - 1 ^ <u| 

•* 

^^Lp l3l5j L^wiji-P ^o-j ^ I j, £ Ixj>-Ij <Ukj ob *j-*^ 3-^ Ljj jtal 

<* ^ 

OiJj L>-jj^_« t <LwLp j*_g_4L*_>l aJ_p jjj_«_> j*-^j! i 0^’ j-*— ~-d e 3^>i3} 

^ t>-' Ol *>U . JNS>lj il^JL 

oLM jjl5 ^ >1 jS'Lal ^ J^JI OjJL^J tU^Jl aJLp j Ja^JJU 

‘ o^J ^ if (*-*3^ OjS’jJj -3 t jjJip j jL&>uj 

jl (j~>- 10 a . SjjLjc^MI kSjjfi I j* (j j£Ll II j ^3x)L j jj i . J 

J 3UI Ij/»UJjNi fliJI J U^JI uU <>>133 ob» J i^UJl 

•* i 

01 ^jj^i o* jr^^ 1 31 J jiJl ^fsSLo^j . U^J> ^1 Lf5jj 

♦* 

.aJUJI ^jl^JI Jl j*4^>-1>- ^ ^51 

Sj-^L^w jv^Jl i^UJl J j 4<LJL^- Jl J UL>c«[j 



c -^ . Ali 
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j I J^SsJfe . Ll*Jl jj.5 *bl £L<*-L*Jl <U3 j*J>o J-g-JLa ^3 4 fl<L) A^>-U 

*♦ 

I 3jL jUl oJl^j 4*-al>Jl Jj-a JU- U<2j>xXa 4 l^S" w\j>*lj £*^jJl 

Uufc ^JJl U5 ‘■^jy Je ^W*^' C*>i y*~** * ) Jb*ji3 

JwO-JU JJL>- >T j*Jtp £-a 4-wwJb Ua>*Jl 4»*»l>eJl C^l^Jjl twslS'l Ul L>-*3j • 4. A ** & \\ 

(V * A*i 0>U^ Oi-^' ‘4kJjl jl Jj • j'^j'l ' ^^>.J^> J* 

^ •» *4 ♦* 

. JjSft j! jiaJl J^a p_A> JjMl Jl jiaJl J-a iw^>j*a ^ 

> 

JLlJI jj^J- ^ cLUj! JlJI iOL- 01 • (^JLp j— i! jl Jbj N 
iiiUJl iSjL-j! *juk JL*UJlj jrcij'- 5 )!' jr* tr*** i#-*- 3 ' 

^ cJjJl >4 j 0^-*^' o* ^ 1 ,_) ^ -*■ *■.* - - ■— -i ‘ ^aJl 

*♦ ** 

1^ O^l^l wLu&Ijj} 4 jLlfl-L*.* l-*^-> 4 A_Ul cJjj! j* 0»> ^T ^JhAJL;l 

ji-JJ Lfli jjr" tl4* *■ * J j~~ 4 J'-> £JJ ]) ^J\ 0j$ jii U5 OOf? 

. ^waill *Ijl,> VyS t*J \j ~ J ^1 UUwil 14 - N J J-UI jjp 
L*j j^.Jg.ja l^j ^jij * jJL jl 4 _o j 3 J-g-P 4 <Jll*Jl 

3 * £ * * \ „ 

<uli Ju>tj J-o-xJl I jjk OJ • 4Jaj>e-L> <di>sJ i^J- 4 j^Lp 

j* A^JtbJl oUjLcJL j^JUl ii y> tdUi ^Jlp %2iij i-u-lij 

. jU S^Ljlj iAJLSai ^Ul oLjjdl ja Ja^Jl i-U 


^ * 


** ^ i Uj jUl, ytj t(i/ Ji ^1 j~\ 

t * ^ if 

jl f j/> jZjl * Jl j-a . (IjL^.i^l TQA jl) Teaching Quality Assessment ^-LcJI 

a^Jl^jJI <ul^.^Jl jj^jj ^jja (^jJ ^-*»L^->-Nl £jj I-A-* jj*-t 

*_^JU pA-JiaJ'yi S-a Jl ^Uapl jU^ ^JslAj jlj 4 4-oUajjJl 4^L«-al>*Jl ^ 


C-^aij J^j>- j}\ iau-^jJl (J!^j>-LJI c-A^zjl <ji oj-* ^ y>z-i ) Jj V c<jla^U (^) 

*• 

!^jjJUpl ^—^iJ ^ • 4 jlj 4 -JU>>i <Jwl>Jl 

Lj>\ jZ&\ jJi j Ljj . p*>L>Jl 4JI jj* j^dj J^sJ *^KjaJia \Ju*>j ^jjyC 02. (^-*S-) 

£ 

. «oQjJcJi» oJl& ^Uxt V 


<* i. i t } 

lJb-1 jl 
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M dJUu v* 


ytt * 

wL>b-> Ul • ^ 1 4j ^jjUl 4_4_Ui_*Jl U>cU ,».] U ww«y»< J)jpU*-d-> 

*• 

ajl> j&j ^->*LJl ^-JUcJl ^jJL <~JlS Jl» ?^>-LJl j\-yAji j-A Us ! ULSUi^> 

0 j-$o Ur^ U O jJ jJy-*w*Jl £_9 j c a^naULLS Ay I jJl A ^A-JaJ ' jUjlpLjj 

I 

?(yy Jlp ^ yPJl) ^jjJl dDup Si ^ 'i liUJ . A * jL 

i>H jrr^ Jh'P? 'M JPj • t^-J-^J- 4 (U" lt^ 3 

t* «* 

dUI cPwJj ^jpU^ c^wLsIj-Al 

p ^ . p 

Lo jJJL>^ . UJlP CpU cLwwwwJ C^U***>>j-a l_X^JL*-4 ^LlajJl (Jj^j ot i+ - $i 

. j j5U a*** I jj> dJUUik; 0 j5j 

. I g /v U « a ^3 AjIjI^JI <UJj jJl JpUjJl ( V r a UUi^l <OjJ>" p-J jJL jJ j-J 

^IjlpN +/3>c*d\ C3 jJl ( jA 2-ajLc^j Lwoj LajIjjI l)I c->li jLUoJl ^j-^j 

u| p . 4jurU <L<>-J-*j' <P J?r-“ (_y® jp* j^~ C^ 3 1>«-Jl 

p ^ 

A^jjJl oUiU- sjjUIj yP'Pjy' y y>- <yi y -4 -m ‘P-^- 

4_JL»_*Jl «■! g~ 1 • ip J-* JU ^_p*J ys^ ; p-^ 4 * •■ < g ^ o-La 4 illliJl 

<. LJlk^j i (jJul Jli.1 ^ jUj'ol y* IbU* Jl y cuy I Ji dj& 

ii ** 

4 sjlw*_m- k* j&s > ji yj . ^ybcJi (_$ y y y u^ji ^iUi y i eiup 
( * yJ »xj I 4 jJi Jjgjg yO Us| . L^jUJjj-^wO (l)Nl oL«-al>Jli 

. * !iJj3^JI y>« uiji-^- 'j—P* 4«-4_~*Jl l-U JSi opfi 

4 yflVl (1)L^J ^1^*'^' o J jy/g A a UlSUjU^J I C-olS' yJ IJu-j>-j 

JJjdl ^yjl_L<Jl ^Jl^J! ^JLp il vdJJii* ^51 jJl L^a5U 


c jjLSliNl A^ljjJl wi j-d..^a.)l ^ y* jj>- 

^ ^ p, ^ ^ ^ 

£jr>“ U^ji <0U C L.^>t-j> j^x«v« l-^A ji La ^h-gj <15^ 

4_i*IaJ! jy -r ^ -» l ’ Lww-Aj Ij <Jj»UJi <A-JaJl il jil pUa.pl L-ijLgj 4^s 

4j j»>-\ L« l Jl& . 4*jlJl>- oL***L>- U-)L» jyuiJl <ajjUl pUapj^ (, 

•• 

.bui y ^iJi; jiyv 1 < j>***»*i y* t 4 


(*) 
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* f 


^1 o j>^4 lLUS oU)f j . ^ «oUiJ! i^iJ!)) J ^Ij 

U? oU-L- Jjlijl Jj Cjj^jjjJl ^j£- 

fr £ 

5j>tLs^J Igj M ^lijl c io j£j>*}\ LajJU^j iiaj&L ioL^j 

^j_j JJ lj c L-^lj^ [jl*^> ^j-> liaj pj 

^ j( ^ ^ J! p.p 

0 1 I^Xp .-XijJ . A-O^d I ^^Ip-l j ^>-1 l ^ * d ^jjl ^j^>-| 0 ‘ / ^ Iao 

jl jt-J-OJi dii-^d ^3 ]p\ jJ>t->Ml ^J| jjjJ ^^3 (Jl>-I JL>*j 

j-9jl j*~A L-LyiJ^ j^>^> J • SJLSli J~o-P 

^ a 

p 

. oJjfc LdLI ^3 A^c>eJ 
** 

& 0 > P 

C^JJl j^lp LdJJ-P <>_**, ^ * Jl ^j_d Sjj-^ ^^3 C-^5 ^jl £~oj t I JlSLaj 

£j _ ^ £. ^ ^ ^ 

Jj N l <ui <Jjj| (_£J^«j>xJ| twijJL #Sj^L»-wj! jj-a |»lio*yLj Lj^- ^ . ,. a j 

e j.iL*_a oL; jIjiNl ^ja t ^a/IjJI j j ia , ~ . 8 ' 1 Ul& ^0 1 — il j-iJLv^bj tljjs> Jl5 

Lj*)L^2wa Jjl — ^(Uau^Jl Oj-^-!l jJjJ ^4-w? <jA i2iJj £-11^1 La _j (_£jjT 


CLi 


Vs*» ^Jl dUi ^ ol £->jl JJ >0 ^ I C 1998 Aj^ *LUd (J j_L>tJ 
oIaj 1 0 Jj j_>Jl AjjJiJl oi^J ^d*>LaJl ( j~JL)u\ LoJlip ^o j^dlS* 

JjJ Aaj U^Nj ^1 5 ^JcJl ip^jl 

. wUj ^ olS i!lid 


tw^li Cjvi^LOj La t ^ JjT ^d iJLv^^t ^^Jli-d C*J>T-y+0\ 

^Lid jt (^1 p ^ wUj cJ- 3 Ji L^SI Ml w j^}\ ^ ji 

, jtf* JfL 

Jaj Lgj^-i Ji clo^L- ^ ^iUi J^j ^1 

‘ jj^ r-* L^J^ 1 

»♦ v 

2^^ C-J15 dJJi5 . \Jl>- ^jU^jI t l^j jjjj ^ iLJj ^oLdl 

«* * 

i<Jli ^ ^rj^> jjL> Oj^- ^ ^v3L>tJ C— >J (j jj>- 

^ djl^l ^ y\ li oLS* IJla AS jl ciLi 
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IS 


j_^a 


1 . ^S>Z-3~^S\-A _ I 


•a > 


A_L^J t AjUa-LoJl ^ ^»jJ 

. *aJi 


x' fr > 


Uljjj LJU>-pI Jw*->E-> i)\ I j-3-1 LSj^S c APUJaJl jl^ LjJLiLa (jj.^?j_ij 

oj jJL 0-> jJl iSwi ^ £> jjo ^lp Lj^LLo j ollL*3 La Jjl 0\S^J t I 4 J 5 Alli-« 

. LUi ^JLiU id ? jj 0 jS Juo l^lij PRD c~>yz*j . ^UiLL OjJLj>OJl 

j)\ O-*! lLUij (Jl^-l^ l 1 r - * ^ ^ c lLU^ Aj*-> LO 1 ^0 

1^3 -pliJblj * j-sAlU 0 j ^*-lOl AP ^**Jl i^^-LL <jLa*^>-l ils^ cf***^ 1 

w *» ** 

COLS’ La Jljj j . ll*Jlp aJu t d^o ^JbJl Ja-^ jJl jj L >0 ^ I jLAjOj dljj 

•* 

Jl i S/jJ oiiU 

~r ^ ~ •• ** 

^LL* LIjlJI C- 0 LS 0 . a^wo-L*JI A-^-vJaJl ol^ oLLi^oJl j-^y ^ « 4 ? 

j c_i>d 2 -U 4-a^» j^oJl o'VLLOI ya wL> L^wo C 0 /23 

j! 01 cip j^s-wOl SpliNl o!AjLL«j do^U-l *iy>-N ^ j ^J&>\ 

♦* 

olO yip * j-^U s ap j^Jl a_j jii-> JjLjo ^ajUj j»-Ls3 ^IjpI di 

jji c(U ^31 aJ'j ©Li ^yj) 4 ^ ij SjOhJl 

olJu c-i -0 (^1 c ^iJJ J5 l^J j-v^L Aj c L$-«.~ g .> SjXJl ^Lp ^LJl 

. ^jUOJNI ^iijdl S^kJ JjJl5 ^ j\j tyjzti l yC^\ AP^Ji 0 

( 1)1 OLSj . j-yS i aO jU \ J-AjJlj <Jj-^- 0 l 0 -^“ J jl Oj 

. JwsaOI 0 | LuL-^ jJ jj>-T LjL L )1 cOAsiS'I Ls jjp owLw** jj^si j 


44> 

oJa>- 




11*4 H 

/ ototv f f VmhhI0 F / mot 


11 


j^JLp jjb j 4 John Moffat cA i j 4_<L1^51 1992 AJw~- ^ 

Aj jJkajJ *}VjJu VSL * j */?JJ 5 A_P ^**Jl Aj jia-j 4 jJJjjJ A*~*L>- /^->3 Aj jJajJl 

Ljjl Nl 4 IUj jlkJ tglSLi UUJ 4 jlL^>s^ O^iaj 1)1 

i j£z Jjlu; ^ y-l *y>rj c y^r'-*i ^ • L*y>y W 

Aj 1)La£ 4 Aj jJslJI 0 Ju& 1)1 AjIjJl *ijw« iij.^1 4 Z^ZS Jj33 ^^mSlU 0 AP j^vJl 
LgJ^-a elj ^1>-1 4 Ajlil>^o o (Jl5w>L jJL^Ju 1)1 

^Jl LJL^ jJ Ij ^-1 1)1 La>- L« ^J>J . Ig-^ ^j^l ojJa>*Jl aJj-Lw j-& 

** 

A*wO~L*Jl J^La>>jVI A*JJ L> (jl Oj^ g- J).ygU 5 j~s-*JL*>J 1 APj-wvJl ^ j-^-AlJl 

. £*»lj (15^ *4iJ.3 

aJl^o J^jl 4 Ajjl>tJ ^jbu ^ ^^^9 4— *.*,?T Jwi <1)15* 

/ ^ * * 

Aj*x-JL)Ji 1)1 ^*-P * ‘‘■-A y**** £-*<2-0 dU,} -L*-J ol-LwsJ LoJ l ^ li ^U-s ^ PRD 

£* ^ ^Jl j ji*“^l ^y> aLsIS" A^*« *X*-*$ *ULJ AjjlxA^o IS" AliU>- Aul^Jl 

li j-L? ajJIJLo o^>-j >-1 ^ij !a_4-jj^JL olij-« ^il a»L>w<JI 

•* 

i^» - Ul ^ jJt> dJJij 4 L £j £-^-*»>1 0 j j-*-*-* Ajjj^ aL>x_>o tl^i 

. ( **>U oliy J^; ,Jp ^ & fS - Utj 


OJj ^ tiJJi Iwj <c^J 4 LLI aJ jSz ^ a5w>» lA^” < '^^ a (^ s,c, ■^ ("^ ) 

. ^UsLoU £jl ij-tlj jjji U«* *-^-1 ^ 
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4 x.^_uj 



.John Moffat c>U j-o oJ^ 


4LoVUL» ol L.Aa5 4 4-**wL> ^3 4 .»,Aj*Jl j tO^l C->Ls^o isL^-V 
** *+ 

. *ul_p c-oj ^3 oU.«3 jS 4 l ^ C. a » 3 j5Ul 

** ** ^ 

p* • 4 ^ aJU^» ^Jl I4I0 iJj iiL^j LJl 

^J, *j>z\}\ ^1 ^L! 4jl jJj t UUP j^J /»J-P 4_JJs>j PRD 4_1 l>c^j J^/3j 1 4jJ 

4^-vi-p iJL>- ^3 d-Lj« oLSLs . j_^jJIj 4_jLJLl 1I j-2->- JjLvvwa ^3 0 jJLaJI 

^ JJI t Neil Cornish j5 J-J a_>^U? Ju> 4 ^Jt jl jj j . Ju J lJ^ 

*» 

:Stoli' ySn I 4 J J^_ jbjJL iJL-j t yjj li'U <b ^k,^- 



^kJ] IjU-j oka j ■ ■ . Ulki liw? 4j>-l j <dJLLo k^S’ LoJUp 
jl . ^'US-t>\ g;l ( dip di jj j^p- er® <• >>ki_p> 

tj4 ^ik-pl bpw«-^- j»_AjLjUpL; JjL j [olij^>] 

p jj 

. j l)^-^j Ol ( i ^r* 0 *"Cj ^ d-LihXJ . wLj^-j /*— 4 -oJ I 


4jjJa-> Jd>-!j c Ajj J a. il ! A-^SLLaJl e-Lj^aJJ jjJuo ($&) 

• <£ 
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JliJI C L^JI j 


(j- -t 


9 * (■ t- 


JUJ* ( ^^ j0 j^'-^j^U*-* |*—kLA^ ^ Li jjj ^h-yG-J ^ 4-^-w-^jj-s.J 1 ® 

->li j^o ^j_SLJ 4 t)L*_3 «/? >■ J-5 eLLta <1)1 jl 

jU>-lj O ^n)Lw» . 4_ljjJaJl oJ^— » j-»Vl 

^^Jblj) OjI *)L*j3j <1)1 jLj^J bl» . 4*«,^ ? P 
*♦ 

£ e- * ^ c- 

. ^jLs^-S" <laJLpIj olij-* jJipLai ! U UU-> c_ij.pl 

- S' ~ > 

cJlS jJj . j-a ^-U^L jj-*^lSl ^ J5 4 J ji ^ <U3ljl 

U_Ua Jl^LJL C-> J <w*xSl La j*S*j ^S> jXJ* C-jJ-Aij <C_*» T^^AJLj j^SI 

♦* ♦* •* 

jl LASl»L jli v>LUl ^jUJl il^ J JI>'N LxJli* <^2l5 UJj .y^„ 

%♦ 

• uU 1 Ji>J ^ br? '-fcH 

oUl jj/ t (_$AjTj jjjs- Ul J^l-P 4-oLg-<Jl 2 j wLo jlS’ ^JaJLj 

<j| i*lb ^)l cilsiij t U-^-Jl 4*^j>- Lo Jl>- d*-jU 4 ^wvww>> j^>JJ 4 jjL*-oJI djlj^o 

^ jj 

oli ^a oL?xj Aj j^j ; 4-JL-^ ^ L ^Lco jLo ^J-*3 J3 <1)15” (j£*Xil 

♦* 

* j yol l 0 ^licuJl ip j—Jl j-« ^ iiLUJl ^SsjNL^J il jv-S^ j5Lio 

j*^LU_*_> Lgjj^Jj UU*J J^r^L jl L^_a^j L *Sj 

jl i jJu»yjj . ajIjlJI Jc-a <uJLp ^>LUNl LJli Up j*-£JI j-Up! ^JJl 

jJ^Jl j ^UJLJl <3 >^h JoL~a 5 jUN PRD U>^j j^UaJ 1 
li j^NLla ^jip ^Lkj ^ J5 <jl . iJj j\ yr i5U>j ^^Ip S^Jl dj* 

f. f, * ■# p> 

4j>iw^LJ <L0j j L> i iLSULUi oJufc <jl . UUj <UlU>s-a L^-jl 

^L>cl^Nl ^-^jI jiai>- L)jUj jl jJJi jt^ol j lilj • j^>- j-L!i 

. Uco ^o'j/l A^LbLwU j\ O^PwL 

ci ->* ^-^1 4 UU-<ij <w^U?l 

J> ^22 ^1 ^1 ^1 ^ 'j^-b L^- JsjI N : 
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\ jtS Uj^>- Ji j ^LiSti* ^vw^lj 

. 5j j*/?1L j2 LJU 


C-3Lia*oJ( 4»<k«jlj>- ^_9 Ow* LaJL-w*; i ZjJxJ 

M 

*-*j . ^L*! ix*A*j 2JJS x*_> Toronto yjjy OjJ Lojcp Lj*o iStJu^ oLlii 

oU^liJI .1^5 otf Ji a jS\J !S\ Vl 4 6j-«^L-a 5jji ./? ) L»ca J^oLjCj ^ LM 

! li jJaj Jil oyn ^_jL5 ^^-Ixj . Ui&lj>s-o o jS I l. -L5 ^^JLp 4Jt 

Lr 4 *^ cj^i y>*]\ <L*-aL ^Uil /^3 JJlS 

' ♦* 

o' J*JJl> ^ J 1 5 ^iUJl » Jl* j t £lk; — Jl jji LJjJl i j JL^Ji 

CJlS’ <( sfrL-Vl ^y> cJaaL>- ^1 «■ j^aJJ 5 ^JllJI if- ~J| oL Jij 

«* 

jU'yi «*! o! j ! j i 0^-5sJ! ^-Lp Jj-««la~ U <Lpl jis> 

oLJLJ 4^^-Jl j 3^ ^ Oj^LSl j»-Lp ^ C-^l J-> . o a j ^ !! 4P jh^J <LoL*Jl 

• jSt jJ <jl>- J i C~S jJl (jlj t oJL-b»*Jl o ^SJJl oJla 

• Jij^' ^ •*- A »ww^^o ^4 O^f" p'ljl ^ 

" *• H 

L^l . iJ^o->jJ! ^3 L*Lj^ t ^ajlLl ^-^1 4 — >!^ y* o ^ 

- ** ^ \ ' ~ 

y*^r ^J- 5 J^p (*J il • W ^d l _ 5 49 ^bj^l ji <dUxJil i*ai 

’ •• *• 

*• tf ^ 

• °j^r a o* ULLj 4 jL 2> J-? 1 ^L>j^i-!l ^ 

** M 

Serge Jl r ^l ^ Ljb ^>11 ^ 5JL. ^.jb 

a 

^L-yl ^U? *■>«' J- 4 J^j • Oj^iJl ,_yi <ul jLf^» J-«-<aJ Polyakoff 

L-U* M rj o' Ui i frUJUJl S/U- I _^.l ^1 

• (_y*J jU-« 

•• 

*k)^'j> (2-*: ^U oii y> jji ^\ aji j± JaJj 

^ Lia 4 ^LJ^mo| 0jwt3 j«wj2j ^3 j j t Lul.5 LjJlxj 

1 M 

JoL*aJl ijl-^ I jiii oJj>-lj ^ oL <jl ^j>- 4 Lis LoJliJ JxjaJL) J y>-\ J 
jJ~y\ Ji>Jl AjJilj general relativity i«UJl A.t^JL jJ i*« JjL~« <u« 
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JLUI r L_uaJI j 


A P ^ ^ P 

JLLal ^ jjjjL ^UjlaL, <lU^p Lj jIp . unified field theory 

s* 

^ Erwin Schrodinger ^ y_jj\j l5 J> Niels Bohr j ^ 'U 

M ' ll ^ 

»*>L~Jl .Up-j Fred Hoyle Sj-i j Dennis Sciama l»L_b ^y. 0 j Dublin 

<-&&> ol olij-a ^lUi JJw . LjQaj^ Abdus Salam 

»♦ 

• kn'y Lri'- A t s-L^iJJ 

(v^UxJl fUi; ^ sSUJl iUUJl 4iJL^j 

* *• «# — ^ t 

ip* ■^~ 4 ^^Ip y- jL>*Jl w (_5 j 

y J-*^" j A 1 Uy ' y j yis3' jpI. y > 4 ' £ 5^15 

U £Lj»j «oUJij 0 jXJi ^ tJLu» lis'j IIS' j Jib : l^oi: 

i>“ Jyj ib^J l^U^I j\ ixc - li J5 ^_Ji jlib)/L jl 

Is <uip UJU^ J-s^i! Llj <L*-« 1>J! ojl^j 
Olijy>J L^L-^y CJ j (Jl jJwoJl IJLft ^JlP ■ 

cA* Jjj-A Jhljj . Mjl A_jJ«_«L>J| K>- j_UL jj _ r «Jl Oji oljjUijJI 

t y u^bLa yu_; oli^« jL5 ej^-lj 4j_^, ^jj . <cu,| ji /JLp olUtVl 
Jjl o^ibJ olj_yS'aJl ^j> 1958 <u* ^3j . a^^uJI j i«,Ju>^Jl 

^ Jj-^1 Oy r «y <->- jjJl «i_fc JLj Trinity College a-JlS" ^ ^ij^~ 

■ t ijwUJi jjji 

olS y>j t(<bL> .Up U^») JIj^I ^ !l 

UUi Jju * j^iJU 5 ^juJI S ^ <ui cjljl ^JUI jlibJl 

^ > 

^ bU^I JJJJya J-^-P I-U5 oLi jya ^>-La . 4j^ 

jl5 1998 j-*^ t/® 5 j^ ^-iJl Ujj,p j . j^j jj 

4^1 ^ oL>J| £~* \jl£c~a |Jjj 4Aj>w^I jJ! ^^wJLU^I ia-y j l'a\o\* 

© 0 ^ ^ 

jL5 Lovesick Lake UlJ iiJau. ^ LjU ly_y>- bliul jUi 

♦♦ 
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01 ^JLp . 5j— J l j j-f-i jv-la-*-* o>l0 SJ j_p ^ j £-» '-ft-* (_r^ 

a 1 g .*X t aj Sj^jl 4^a>-j ^9 (• tJI_}aM OjI? <Lj-»ix£w<Ml 

♦* 

. alii (J j jLJa^l y£- ^.qJU oI^Oj <6y*& (ja^Lijulj 

^3 JW9 t 1*^1 j£\ iL^Jl i»y^~ J 

*♦ 

o>lg— I <jl ^1 t ((aJUJLJI# ob^laJl bL> J^r k-iij 

lj>a Us^j mi ^1 ^J| ^ O-J cMi j\j& *1^1 J 

•9 e. 

^ g ~ 1 i. u . .-> - \^a c->ti jj* *jIj JJii . L^-lS y '^y >m 

cJ jJLo ^p LjJl^I 5JL^Jl JjLo ^ cpj-La>I M c 

4jl ^ U-li c S ys Jji ad y '^yr ^J\ c '° w ^ >tJ • (\*^ 

~ ** > 

(( . 4 JI oJSii Lo-^ 5 k— » a */?* <1)1 Xw>“jJl J-*j 

•* f- « ** * M ** •« 

. <L^2j ^Jl 4j 4Jwww5l U ojfc Jflu^SL ^UipN 1 IwU 0 


p £, ^ p V 

i , a .^. t^ l Jji jJ>s ^IbLbl ol oli y> i _yys>-\ olj-Oa> 0 _*j 

*Jai jl JbtJ ‘^Igb^S ^ ^1151 jvLcil ti _ r *ab> [jj^r] dlS' (*k' ^>y> 

^LlJLLjI 4 0 Jj>- j^Jl <jjjajJl { y oljj , ia .J^*.A)' j oL^JL*^j V LL>j-^ 

Jl3j . jJfc ol J j Lo 4»«jlj^ ^^3 ^L^dl ^pdj-rdl <_^->K-pi 

♦* 

a_.^-b .t.il <UaaJI *_LLL> ^ LkjU e-L^JJL ol (_$* (*^J 

. SjJjJI 

a ^05 ajljj^i JjL. ^ 9 Mjin U-ljbjj t 4jc>Jl ^ ^ Ib^si 

i^ s, 3 -J^JJ^ e 'W>r^l gji cr* oy^* ^UJl <>^JaJl Ji £*> ^oJl <ux5L» ^ 

<~~ij olija>J ijyA? Ig-uU- t ^jablbblj \jy*t? OjIj tw 05v<jl (jljO?- 

i*~i ^ >1 iJLi.j Lo^J» : oljb^ SJLla ^ 

« . ^.Ibbbj ^.u ^U» : ol>~ 

^1 ^LwwjJL f, J,^[ \ 0^JcL<Jl ip j^*Jl io Cools' 4 4jL*JiJl 0 jjk> Lw^LoJJ 

j_^j>- JAj J_a3 ^ oljyo^l j ioL/^jJl O y>~ 
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Jllll r L^JI j 

M W * ++ 


^ ^ jJl <L jlkj £o l jj\ . Aril t_j L>*xJ <oU? 

^ >JU OlP. iU> UjL 1922 ^ ^jJU JjLj jlS j . ^jjJ 

<y> aX>Li; SjU Ji j_p- jl5 1998 iu* L^iJl Uxpj . * jIx5C11 I _La ^ aL.^ I j; 

** 

4 la 0 , ; < jJ-JaLj ol OJLOjjj 4 jlJLwoJl IJla JbJL>- 

*• 

J IwL^j 4 c-jj a/s U o 4P wwJi 

•* M ^ 

2^^ _9 ' APj—u OjLjj 4 iSj^sJJ 4j*^JaJl «uJLwO ! Ujfc j d J! 

jO-j L-i 4JI i*j~> oLi \x^j ^.j^lU ^ (> 5^ 

^ >0 - * . . 

• 01 lT'jV u^J 1 ^ 

J p' ^LsC-O*.^- ! I ^ j o^-okjL-wo ^jLJi o *l>- ^_j 

^ij 4 ^1*5 M Pj-s^Jl 4P 01 ^j! ULL* O Jl® J . * J yal l ip^u oLu 

J jl <jL*-oI jlSloj jL^Jj 4 ©X^?Ij jl <UcJwO <& J+J* j Aj jJ J^P jis-Jl 

— ^IjMl 4^^aJ l aij _ ^c*j M 4jJ ?i5L>Jl d Jjb ^3 ft* j^i l)) jjo lit* 

4 *. • (( * j-saJI^ L^w^ J 5 yfcliaJ! ^ j£\ 

& ** ♦* 

^I^Sfl jl ij^ljJl ^lj-»S/l Ji* j-« j-«-^' ^-*-^)?' i>» 

f-j-viJl \yS- ^jjJjL>t_i *y L^L5 o5_*j . I o^>«J ^L*Ji^l jl (ajj j-$L_«JI) 

d)V 4 KlL ja^ j^*-iJi cl U tlJ 1 0 ^-1 ^ j* c £ ^ {_^ ^^-ll 

•* 

.\j«a>- J^aJl JUaJl IJL 4 J U^pI 

ipj^-o 4 photons oU jJ jJJl oLo-Ll^- ^y> e- j Jl l l t ailr, 

‘ iil5 ^JUsl >1 5Jb-l J 4 4_JU ClliJl Uij 4 4P^-*^sJl </2 j t 

N ip^o Ji=u oi^ 4 0yy c-iU- iajujt i:^JI jli^li 

|j-fcj 4 4JU- ^ ^w>! lil Ml JjJ jJJl ^yi^ks^ ^J] 

0^1 ^ * 4-*_jIuJ| l ^ " S jS>~ ^B> L^-3 ^ 

** 

->»■>* si 

M 4^i>^ 45 j>- 4 oli jJ jjLIL ^p cLo^l>J| 

4-1^5 jl 0 jj5w j iSLU olj^J ^-iU OJ J ^0 . Ijul o aJU>- 0 ^53 01 

** 

. massless aAiSOI io jJbco oU y ^iJU : jJl*-« j jiL*i 
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o -o J l U>*o*i h Ll*L^ y+S nj -c^Ul ^j-^J 

oy^jt ^ v t <j a^ v ^ uj>P au .*0' 

lj j j-*-* j4 1 S y> (J jl . Jaii 

^ ^-i £i jjl c~l~s\ j*j u^ii y jiii tjj — aP)i ajj^Ji oL- ?Ji ^ 4^ 
4Ll:,Si JLaJ Jj t ^neutrinos i>* k -^ ‘ L *-t jr* 

oU-^Ji c~JL * j ‘ Ja* W-~a iiuiii ol ^a> -uj 

6t aUJl 4-—JI ^4^ .gravitons oUyJi^' 

•» 

JjLlo 4 4iiii^o 01 jJl (ji * gravitational light * >^ }) ^y j* 

d\ U5 5JU5 (UJ- 0 jiJl /Jlj . oliUaJl j\ obi >11 oloJt oti ^Ji j&\ 

0 y ;.-M j^\Jl Ol < w ? bxJl 4-wwoU ijjbJl 1%* ^ ^ 

. c 1 (oU) aJb>-lj ip j~~j j*>bo OjJjiJi j 

o <ji oLij~* il y\ oi j 

^Ji jJl y£-*-z J-> u j-vib o?U*Jl ooJl Ooll cSjJ^r-^^ 

& j__^-> 4_^?L>cJl 4-^oJl oIpI ja ^JL>o> diJoj t jjJ oLpIj^o 

i AhSOl io jJt>c<Jl oU~~?Jl c-iJjL>s-* oIp^** oj^LJ <1M 

, . 3 

l_^^1_C ^_.xj )) l Q Nl !>• Li 4_^?L>tJi 4^^^.0-iJ Li-3^ iO l^Qw^l^xJ I Owi-A ^\y 

to<Jij) ^bSll ^ „ : .i,>cJl Io-^j UI^lSIj • 

j^o J . iJUlil J oiLjl * Ujfc jJc*L<Ji ol^la>Jt oli^a 

pLjj toJOfc aJUiJI 0 O 2 J ^1 i»UJ! ^ l "rt"! jjUJl 

#• 

/w^j o ^ a-l^ui J-* 0^3lj5^Ji jb dJJS 

** ** ? f * 

. <> - — ^ AbS^I i* jJl^oJ! obbb>Jl jjL^ ^jP aL*^3 

» ♦ ^ 

Pj-^aJl J j jOJI ip J— • iiJ o\ oli y> <j\j ^ 


_ * 

o a 1 z £ j! jl M “-i* J-^r jj~-l (' ! '") 

. jM)\ JA *j£\ yjjjjti 
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lP ^ j 4^jJ1 <j\j v(l$J ihS N yb-l 5^U ^1 oUI—^r j) 

^ *'*•** 

^JCj *y& ip ^A» J . djJ$3l £u^> JJ £0 Jjja^j j C 4j 4_bl>“ £bLatd.S 

^Uaju^ij . djd*-d ybUl 4-p^u <^Jp b^LJS ibjb u-^LL>*l ^Jlp ^j^jj! 
bj*^ frj ^a .U ®pb-dkJl ip^**Ji AjjJsu ^pbdu dl <L*j.xJl <L4jjJaJl ajL-^.* w>li y/a 

> 

c^?xp| JJ 2 J . 4juv5^>w» LlidJ bJLSj oli o j^>- ip jL <bj dJJd ebb 
o-^Jl Ji 0^51 j 'y I Laj w cpI^bpI bd aJL^JJ d jLj ^ Jl^L 

• j jJ SXe**<Jl *jba-U ® ^^*x<Jl ip i> ^JskJ ^^bbt ^>o j-<J 

4* 

^ P P 9 

CP® <l ^ p dl 44^ ^Jj^\ ^JUUJ i_da t(j^“ {jA Cwg^i Jb~ J5 ^^JLp 

t ^L^l <ubd-&l dld-^ cP^ b Lilli ^ I C~~J * J^acl! o^IjcuJl ipj^Jl 4 j ^ iiJ 

grand unified theory ^^bJl SJe^ J_<J| 4-lj . kJl <L?-i > ^J j_Aj 

01 Jl>v 0/ * yji. L5 • d^u-ll ip^Jl O ^k ot y»k_, jlSj . j.tT.*: : \ 

J- 4 <_)-“*-»' C-J15 jjj - LfJlj t ( _ r LJa>Jl ^ _.kJl» 0 jSj 

’W' #4 ♦* 4* 

jj£Jl p-k jlkl ^ *ly>4 £^><d C~~J _ ^jUriJ'yi ^OyJl 

Oi t ajJo^j ^y>ji N Ok ISIj . ^-Jaj J l jUskMl i^ko J^UJl 

P ^ 

i \A J^S <w*jL>- J^i-P C^-wJ P- J^ U 4P j^sJl ^Izj (j L> 4 wWw d 

^A-> s j- 4 o jLks^J}\ dp^wJl obJ 4jl ^5it j . ^ jb-Vl ^ 

*4 

°3 ^ A dJJi t wX*j l>-p o^tjT ^p <ui ^\ ^ p-i jP j 

- LP® 4 0-^ oLp^ ^jJl ^ jJaJl 

b-b T — U5 -U3 ^ b 0 ^jb- 6 jialit d jJxJ jJ . bL^Jl *1>- - Ut j ^JuT 

obj^ dL? ^j-w>- 4 jb-S/l -do bwL^S Jb-L jdjjbd^o — Ulj 

. ^5 J\ IS Sbb dis IJb <1)1 ^ dLil 


dd ^Michael Clayton j JSSU ^ o S yibJl 0 Jt* olij^ .Lkk»l ^ii ^Ji ^ (^) 
• ^ ^15 4^jL>. Ian Drummond jJ y > Iji jU XJLai^a ojj-msl. Lp- ^51 Xj ^ 
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> ♦* 


& i " 

<L^Jlp o*>L>t-p y Oj^r oli^U- yy y y*~\ 

j iZ P P 

l?® JJ ^ tlr 4 iP'-*'J j* cr-r®' <j' ^ 

» : I4J J^L, 1998 j~J ^ /^UJI ^ ^ j+Z £-Lk- 

<u! <J cJUi . . ,_,* Lw«j Lgjl OjijJ SI olij_» Levin 

** •* 

" . * . * A * 

£>> C->Lpiy ^3 (J ^>-Ju\ j-y^> jJ^yi Lo~^3 ^ I J~?^ 

^ * ‘i fr 

AjNULo LJLj aJIP O Ji>- JL3 Aj 5 ajJl o*)L>t*Jl , 2 uj (1)1 Ai> 


(( 




10 * ^ . ^tt " ) k | 

0*>L>*^Jl yip Ak^*^> y I ^S\j /*J oliy Oy- jt Jj-flJI y Jo 2j 

&*-* £* (^Le \y\S Jijj^r pLJljJI y ytSo * 

:aJLJIajU>J! vULJl hgjjij** Jll-yLiJ J^Jj .Loyally ^>ljl 

IJljIj NUl° Rosen Ojjjj yLJyt C*sS UJl 0 yJl y olyJ*Aiil yl j\ y 

•* ♦* 

Physical Review aJL^-o yJl oL»Jl5 j gravitational waves aJJIIiJI ^1 yVl y 
<1)1 (J j j j (JjJL . (JliLaJl <2j\s>*Jlo? gj\ ya ^jy^O *L>*3 4^»^Jl S.*/SA i 

aJl*>» ^^3 LaIJjJI Lij£j Aj| i _ ( y S>- 4 k*.*-i 1 /^o j^qJLj ^LS*^ <■ — P J^Lv^kol 

*• 

^ ApLwJ ^ ^C^wJCwvJ L> Aj L*^l j A-awXJtj aJ-**J| («3i-L3 ^— > 4 -o- 1 1 

JL^-*JIj a *jJl Aj I 4 JCu 4 4 <LL>«-<>J! OwLa y]| (JLa^o j}>-\ 0 jA ^JJtiSo N I |t— ' -^1 

4~Jb J^LP A?vk 3 ^jJl 


(**) 


V J 

. 4_w<Jl*J| y opIjT 6 j-kLil Cj oL»y Oj-^- ^ y UL a! 

^ ^ ^ ^ ^ 

AjL^-jN ! (1)1 C-jl jJw^ ^s^2j wt-^j IjijLp kj-Aj "V l-Aa c^i ^Aij 

yjJl yJy y y A^oJi yl olijLkJl y 4«y-L*JI 

, M *• *♦ 

U- 4 aJI yyji La ^jj ^JLLa olJu jJj . aJ j cy ^ -Ai c-J^S" 


« .International journal of Modern Physics a1j~ 1>JI <L>«-»-H !) diJi y y^wJ (*i|j) 

^Vi y ^yJij . (l)j_jj I (j * A (^wLl i lZjLs yA 0^J>- 4_j^lj*x-ll q A_^.j l1» w »-Lp 

" " s: i P 

. *^ji y.p j) — ^JJJ La. 
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JLUt C L^I j 


4^-jli jy^j L® 1 ^JLS" yjUL> dI -— ^■Qj 1 t(jLj^-lj 

i^Ji j! UkJi ^-UjU j\ >u^ni ^iiyji Ni jLj Nj 

. / (. j, ^ jS f. ^ _ 

j o*>L>*_aJI <^-L-o jt-AjLaw^l j^jJJI *j*J-*Jl jL*S jlj t 

j4— -j ^Ayl 9 o^j ‘L^-Ip ja j £ L l l$J jy o -f-y 

j' (jr*' d)yj5d> ojU^Jl ^sSy ^ 0 d)l . 5 ^-S - 4>-j~b j* r; Sj>*Jl 

jl ^ ju ^ PRD iL>^> <JL^, ^JJI J^iJl Lsl jipl) ^1 oL_jl 

. f v 1 ■/»'' iJLgj d_*JUs> (^jlJI _ 

p-flNLio <lLzs}\ ds^ lt“^' UJ ^-Jl oL* d^i -d 

•>' ' c 'b/ 1 >j ^ ^ ^ . ^L^vus J 1 lii^jfc (**"^ ^.■o-.L^ l 

(£ oLa^>JL jJ>-Ij N j-Ji J^-L*Jl <1)1 <o-*_>- 4-<>JlS 


C ! 0 > ^ 

1 j • 3, 4 i- - *-& 


y*j t Jaii oUjj^ ^1 O^U-<Jl 

•* « 

l^oj^o jj-Sl jl jj^ 4 ^Jn>c^ oUjj^ As” j-jJl Ls<a>^ jJJJiS 

*4 4* *4 

^ ^ ^ ^ ^ 

o Ljjl Ijjbl y* Jo N a si £ a LajLjlpL Ju t <lJL>-*J 1 oJla 

^J-J jJl jj-JLll jtS\ jj . Ifrjl J_A JJ jj LaLjLo i y 4 V *3 1 j_*Jl <U J-^° j° j-^ 

♦♦ 

l^j-^-> jl j^^ Ij j5" LojLpl ^ ^ a^ws 4 ; 1 1 J2>s-w?l C^^j>x^Jl obl-^>j 0 ^-AL>c- 0 p. ^ 9 

$ a $. 

S**+mJ ^1 L-^J \ i 0 I 3 ^■^■"■■WSiJ ' 1 w\.^ 9 A-J L-^ww^J I ^ ^ 3 

• 


iJL^ oJL^r j\ I4J M Jijljjl oJi O j]l d)t dJJ5 ^ ial U ^ 

^L5 Sy. Ldl Jij . ^KJL ^PykJl oUjjjJI jjUo" L^ 

I^kj JlL j ca5wzJI <1?^ s ‘- jV ^ y 0 ^ jj-oLj-^sJl lju 

sx* l^j aJi*J 1 ^Jl d-Ui (^Sl Ji j . o^^Jl ^ ^liL! 4^jil oi jJl ^ 

I H *4 

^ jL5 1992 t^. ^ . Lgl^ 15L2JI cJL- Ujuo ^.jjjJl o^Jl 

♦♦ 

d^^ ^ y-J! Lol t yll d?^ ^L®ys y2j d)l 

iJUJl o Uj-y cojt 15U c r L^ J5 JU^I Ul jl Li 55d^l ^ 

Vm *4 *4 
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^Ji j . <di^JJl jJ lf\ jij y j_wwo_£Jl iJbL£ j^JIp i &**/* 

*• * 

iUO> ^L>tJ aL t ip jJa^o il>^0 gjl J^JlP £k>lUN I J-P Jo^la J-OJ JCwO C-wJJcL^I 

^ >* 

lO—i 00*A>w<*Jl 0 ->-Ij OJLs j jS* N/ j . ^jJl IJl^J 4-O.Sia c_jL&Jl!| 

p ^ 

. ^Ul oI^Sj j* ^jJl oojU? Lfll^J j^>- Uj-ii 

^ • /3‘ >*j ^ c^jl ol O y^S' y*$ t ^ j^ol !*L& jl ^Ul ^j/Xxj 
^*kl ^_«.k>gOjl <Lj_Lo_P 0| L>-1^%_« cJ ^_sl ^1 C |Ji_A . 4-*P- jjJl 

Lk Ul Jj t ^>S[l ^ kpyJJ LjLJb> Lil^ Jy ^ iJUJl oLjjjJL 

♦♦ 

Oj-> ^JUaJl ^jj> ^JUaJl ol ^jljJl ol^L il ^ JL^- LfcJl 

LJij_g_£>J J-^ij s — I jJl Ol j->-S/l y 2-*-Jl JJlL*j J . 4^_L_3 ,1a + <lJL»-P ^Jl 4 j>~L>*J| 

^j^Jl ^SsJj t LOL>l L>t^>«L-^? Oj-Si) OJ Ul& J 4 ipLJaJl j j-OoJl JpJ c-i jJL*Jl 

Ol J^Lp ^1p JSj ?J^>*Jl IJl^J 0*La^ jJ^L9 jA iJlio JlS* ij y ^ip^l <wajISsJ| 

** 

p ^ p 

L«0-XP^ 4 o j+S* jLxsi (Jlax^u^ f y^ y ^ I y ^ 9 1 <0*a*0L** Jl>-I 

. ^Jl*Jl Ja^ ^Jl aS y>*^Jp\ jL^a AJOjJL <d^l>Bpo 00*L 
** w 

^ll 1*1* ol ^<JI z^ 3 ol cJjis 4^^115^ ^ ^ jJL-'ill IJL^j 

tk-jjJl j^Jp 4»»jli LgJib ^_~xSUl ^»r . .,.? i • L^->^v«j>- ^ijJl (Jl^w^l 

LfcJ iljlij ^ J^kd I ^Jb L^L.1 l^j t^JU Llli yblj 

*» ^ 

N 4 JJJj5 <LuIjj>- 0*^0 4LJLL4 ciJJ^ j'-^-i ^ . ^-%^->eJl 

5 jy ^^Ip ol J&-+-1 t L^jUU ^^Jl ojy+aMj 4 ip yb-*3\ i^JLSill <1)1 Oi^pl 

♦* 

£J C Cr C. 

1 ^^3 


5 jl Ljw^pl o ^ Cl^"* 


L»_p 



. ^J-L-Vl l^- 1 ^ olj 4 La y y JJo ii5^ 

'* ^-^1 4> ok*- 51 Oi^lj ^JUI ci- 1 - 4 ^ 

#♦ 

u- ^ J jr^J 1 JiSh ^ dJu L>UJ U>- Jit ,J Ol U^iii 
^jJ&xy <uL>tol OjJ lil Nj 4 iJwUjc« j^p I j-^ jLJVl ^ jjj ol Li^ j^i^Jl 

<1)1 y° V ^-3 C^J>c-0 ^ JJl ^y/2 <0^ j-l®-^l £-1 2JL)J . ^4j^LOjpNl^ j^ojJl 
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JLiJI £-L»u^JI J 


5- > 




jjjjwpj t ( j_p Ij^>~Lp UL->“I jl>xj 

p W^J s >" fringe *LjJ -Ui*ci ‘ o- 

Jekyll- J*U> J£~r A *!■* K ^'*? Cnirt lj£* J • c£ « Broadway 

J^ U c J l S^S- \s S3 4j>- jj 

J-& c->L-ljjJl 

i s— ^l. r . j > t^o j#\ i ^>-1 4 - 1 ^ ^ I 1 © ^. . Lj ^ i La| l a . . /» 4 - . t, 5 ^l?lj>fca 

^jIa 4a- j oLw9-S/t jjA jJS Ji 3yu jl Iw^p Vj . ( jl -\ll JaJllA«-> Vi <w*>«jj 

<» . - 

** ^ * £ 

JL-^* £jL>“ 4jL>Jl ^ L^IS” JjLjL) UJl^P ^J*>LU J J g ,lgj I ^jl ■■ Jj, ^4 

jjl 4-IJJjl 

<51 ® j^-^l j-*->o a-^_<JI oliL^Jl ^j£- lLjJj>JI ^Lww- j 

<!> Jf-Jl a- ifi 4* Jl 
- ** \ ^ - — « — 

Oi -^pl C-5^^ 4<LJLL<Jl ^Jo J- v^ 2-P Lg-> cJa-Jjl ^^iJl Ajjj>xJl ^j_P 

p-L*Jl 4-<*-^L>cJl J j->*lJl 4 1 2.4.) JJL<*j O jJL>c-4 SJL4 Jl^P 

p p ** 

I 0 1 C— iJ ^ 1 J L>^ . c_3 l.i fl -' O .- l I 4-^j L>- ^3 Li ^ -/?. ^ l ^ 1 1 i 

<LP j_<^_>t*J I 0j_ ^ ^LaLoJ Nj-JLs OL? 4jlS jL>tJ UlA ^S\J 4 jJjJi 

j-a JL^^I ^3 *\jyJi}\ U? 4_iJjJ oJLS* jJI 

*• *r 

Cj?? *Xs>-\ j (wJU? *^L-A ^Lojp oJ^o jJs? ^ j~*t (*-^ 1 4«JLJL>- 

o>!j> -Jl OL^ _j-J I.x2>- . ^o ^1 jl*_i 

^P^l Ajjk, o5j aii t^U^I ^ u-ij-^Jl (J 

*o ?_j-®l '— ■ * - ~ <—^>1.1 (J-*-^ (Lnr~trJ^I (Lnr~*^l ^ p j ~ ^ U S >~*-i^Jl 

** <* 

♦-Mi „ , —■ tr * (. f. * 

^^-43 La| , L)l^>-I ^jL; LJLa^j ^1 c Li— J>" 




jU dJJii ‘ ^JU» iL* Ju^_ Uj ^bL. jpli ^ S^.U«Jl LyJ^.1 til JiSfl ^ (*) 



‘ — * " V ^ ' ' ' I 


258 


p f 

jl5 a^>- j y>- o» . J >- I J^-p *bl 4 ^j pj t iU- oJla 

+ * 

^ ^ 

^o 4ji ^.1*/? li^ ^Jj>- jJl ljl& . l) J^>*-> ^^JlP I jil>- 

^ p. 

I ^->^5* L^\J? 4 4-*^o Oj-b-*j U^Lada oOj!*^jJ| 4jLjLm^>- i^j^xj 4jL *L1*J| 

4 AJL*£> od-Aj 4 aJL^I jL>eji ^3 ljj>- ^ j^-aj dJJ^ 4_*jL>- J-^0 • ^1 

^Ufl-p|j 4 4-«L*JlJ ^ j-L*Jl 1 3 ,a a^,a 7 ^a ! 4j>x_^lj jj ^Uojl (^JOo LJlP bl N <ui 

w p 

0->Cj <W j— -5^ ^ . . . AjwW* ^lS* C— ■ J LlS' C-i.A.llj^ 4 1 0*<»J 1 ^3 d>l 

" s> " 

?dlk JS3 ^L&l di^ll 
*• 

^ p ^ ^ 

j ^Lp i=rj^ c^Utpl LJI ^jjJl a^-Ixo L>^ co5 JlaJ 

*• 

^ p ^ p ^ 

o Lj 2 .^^p*wmw 4 ol^l ^ ^ ^ ^ ^ 1 l, -a . 1 -*.- *> ^1 i 

p 

Ujup j . (LJlk > jj y aJjJL^o U5 J.*i> & i ^) Faraday award (jbljli 

4 ^ jJl*Jl ^3 dUtg^lj o ^J lSsJ ' d! jUoL> d --& jj 4JLL-w-<*JJ O y>- 4d->s-dj 

ij p p p ^ ^ 

\ ^ J_L*Jl ^ I J-k>L*J (J-^* UT° wlAlpI ^JJl ij jy& 

c-j 2 _>Lj 4JI ^jS' ci^wL>sJl la.A^ .>1 d ^. >~jj ! ^jLJks>%l\ «jJ>~L> aJI dU^ 

j £ t. * ** f- * ' 

d , wiS'l^ . L>-Ipji IL^ <c*o j^s* ^L<»Ap ^o c5^i 

4^ LA2>cJdo N L§_^J >•' d- Ja-pl 4 (< Jj>tJi pJbJl 4-^-a^ o J-A (ji 

. o>\j\ J-J j^LJl °^>P“ 3 35 UJI 

^-4j j*J il 3^5 dJl? 4 j.dJLdo ( ^ld j y>- C^_J»j Ol Jlxj 

^3 iiLJ 4-U 4^-^Jl Ol 4IU3 J& 40JjI>cJL jjJtU 4 -JLp jLl?- S dl 

•4 *♦ ** +* 

* 

scientific ^>*jJI>> ^\ j Jcjl j aJI ^J yu 4 d-JuJl j y>- aJLSCo js~ 

m «• 

P ^ p ^ ^ 

jJl Aj-dfe frlw^-pl ^-pL^wo JLi IJla ol Ju N ^impotence 



(*) 




C->L*OjjJl < y L f J% y^ s> *-_jLiS" O jJa— *> t jj»Vl o-L& jLdj C-oJj>“ OJ-S L«-U_P 

«• V* 

L Oil 11? » ! y&A y Ld>l_p j>*j}j\£ icd Lo 0“^^ c-w*Jii?lj tUbJi 

«• «• ** 

® > ; ^ S Amhoj^J I - g O ! wij tj IS La 


(-*-) 
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JLUt C L^JI j 


£. * 

ji j\ ^ lg-L*J Jy 4 ^ j-*-*Jl aj>-j ol jJw^ JjJu oJLS' 

A^>-»> ^-j 2 _S . A^jli 4_) t_>c_<**o O^-jLS' L^_j I 'V 4 0 JuLs^j L>- Ijo 1 ^jL»j>- 

** «♦ 

OolSj . I j^S dUi 4^^-l^Jl cu^>tJl ^ J^-*Ji ii jJ ^S Ojy 1999 

. OwL>-l 4 Lgj ^JL Durham ^ o .5 Lie^a 

J**-*Jl ^J\ J ^LlLv^I o jJli IJla ^3 LjJl j->-! o^L*< 

•» 

. 0*d-L <U^jJlo 

j~~j N j! L^s 3 cl^>cJl J^l ^ ^ cjU j\ dJulp V<J ji 

«4 

4 — A-ta ^ olj 1 ; ^3 ;*- j I t ^1 L» /Jlp 

dr® j' J-*-*J' J^y Jd-V j' 4ibU*jl ol-t-« _«Ju' o* j-Jl 

tf 

^ ^«Xa%xJ ^xJl ^*3*^1 oL2» 4 Ia^a^ 4 jua>- pj 

. i^v 4 J y jJt oi* >-* ^ dUis . suji li 'j . p 

. l^i>o £j-2>y ^ J^LS j~X; ^!l v^JaJI ^sj ^iaJl ^ dl!i tjr <aij aSj 
jr^t dji*^ ^ 4_5® jj^Jl jdS* <1)V LaJji>t^j ^>x^jo o->Jj>«j! iSLwvwoJl 

f. p 

** ** 


y " <r 


£ e. s# 


i .ff- 


f * 


‘ UlgJ U jJUJl i*, J» ^ t^aJ oL bJLa CXJl^ 

j^r*-> Wy c^*-i i_r^' 4^>JjJl 5 j£S c— ~-J f-Lj^jjjJl jl L>-l ^yxJjtj?- j 

Ojy.o^Ji oi x jJ-*J! ^ b.! . css.^ '■ y> yy y 

4 ^ ^aI^ji oj-^xj Mij tL. ji ^ jj^x» 

• A^>&^5sJ J^j>- J jj ^Jlp oj j 

b^JUp ^>Z-L> J £ *Z>I ^ j-jL^ ^ij-W Ajl J-Loj . 4. ^3 . .yg ll 

L^x-^-LS* d?^ d)L» L^Lp ca^jLl^o j_a jja LLp oLwulj^ 

* •$ * 

. OtaXpd^o^ ^^ »_Lp d^P” ^ ^ ^ ^j2j 

* 

* Jj-Aj ^5” d^l ^ ^ J 



Pj^-uadi 
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* * 


^_JL>- jl pP Jj t<olj ^yjpy> J~*j pP (%-fr^l^C-i Wj pi (J 

jl 1 . j^\jJ Ci ^Jl pLs^lS <^Jj.la.,lf jlj? ^-pJLjl 

• ^P >* ^ p-M P “^» 4 p jp jl y>> ^~Jdl p PP*^' 

^ p. ^ SJ ^ 

^5 . L<k -<-3 U» jp^Nj Lp JP^l pL^Jl ^LoUcj ^iXp j^Jaj lx& 

^ - ~-*~ l ^ __ i - , ^> 3 1 ^ Lo»vo w 0 1 1 *> *• ^^.11 p I^^ jLS" 

« *• 

fi. & f, ^ ^ } s 

J~& Lo-d 6 jJL*J» jL ‘Xp> '^-* (P P'-P - y> P 

& 

4 JsjX^»Jl ^5 4 JLAjwLs^ j jl c-SJ-JaJi J^\s>*-<J L> . A-v 5 L>s-p ‘L^j-P 

«* 

IL^Jlp ^ jj 

5 «*. > 

U-J t political correctness JliJl LiLUl» Jo y* LJUajy pp S 

^ j ✓ ** 

Jl» ylpjJl y J^-Lil ya Is ^_p LJj^Ljl oJJl Ojju^. 

s* i 

^>rlg^ j-ft Lo J 5 * ^ Jj c jJL » j ^lill c^I^Uo L>^ 3 j 4 ^ 

*• 

‘ . ■■/?«■ A 1 1 

(J- . r 

•• ** *« 

yP >L*JI l$y yj~P pi oLS’ yUl J oJJl jl J jiJl pP Jbj N j . ol 

*♦ 

cJ ^JIp j^Jl tiixljV Oj>-IjI xl ■ <jXJ>eJl 2 ^! 

j4 &■*-> jjjJl jl c 3 ^ j' ^ 2^1 *L*x;^ L-v <dj > *^) 

^_J_p Lo J 5 . ol^oJl jLy 2 _j| 

oljlyjl tali^Jl ^ Ul ^ ‘(J* jl y> ]) 

^N— •* ' •• •♦ 

^JLi jjb U 5 ol j^JJ ^ ^ : ; ^1 j ^ j j-s^LoJl pIJlp^I jt^_s 4 

. laji 

l^LP U»_jwa t y 0 (- 5 ^ J 5 -JL—vwoJl oj_& i 7^-2 j^alS wL*jj 

' % * £■ P 

4 jwO t- ^ I' jlS^ ^ ^-_alS 4 -*»aL>“ ^3 LpU^>-I l-LA wL^*Jw-al^ . A j \s ll j^l y_U 

y^yUJl JU J\ 00 LJI ^1 p*l 1 iJU /ilj . ,tpi J lj^ Li; 

^ p 

Nl^a lya-j j^jl '-A-Sj ‘.rjjh -. Jl Pj-jj^Jl ^ jv^jtaly^U Cy 

«^.liJl LiUJlD jUjl J^l p«Jl ya ^i 5 j Up ^itj . 5 !yl ^^JLJ 
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J13JI C L^JI j 


<aJ 1 jLS^ 4®^y& j\ <3Ls^|_ j^-Lp AiL>wL>- ^_y y>- ^^LJI 

* *♦ +* *• ** 

J“°^* L^-U-P jyLSl yLp yi ?**i *L*%*JI ol LS*j J-a 

} 4 

^ ^ 5» p ^ ^ 

-ij . ci j-*-s^ojl <l>o.-L«j aJLLojJ "VL> yL |»J y ^ * a ljj>j j I Ju>- j Lo jllp L>-Lil 

<ijb> y ilL^j y y*>^Jl I jj* >u> ( jLs[£\ {*$** l/ ^ y~ tJ^^J 

** ~ w- •♦ «• 

* ' * 

. L^Jji-j^ o^aj tll« Luy ^y> ji jijlj 

jjjjij <d cJli . i*^ ^ <u_w*j>- <La1»Lp aSMaj 5JL>- 2JI; ^ lU.: c^5 j 

dJJi -L» <0! Jj2i\ ^ Oj^J (, ?2l!iS' ( _ r ~Jl cJ^>-» : i _ 5 ^JV ^Us ol: 

• J* °j'> ^ <>• >_J 

yJl cjIj-L^vJI *Lol ^y La^-p ^JL*Jl 5 jJaj>- ya y*- y I jlS” 

Jit Jii 4^j-siJJ o^JcuJl Is’j * Jl y ^iaJ c^LiL>- yjJ Ly oiJtJ 

*ljVl ySl yu yUlp y cJjSJ Lj y& iL>- yj! oJla y j * j^^yJL ULoaI 

•* *♦ ♦* 

aj^aJlJ 5 y^Jl iPj-J! JA ASU-J! OJ^J t IJla ^LS ^ ia^J 

l ^ ** ^jL^j yJl ^LwvuaJlj (jlijJl <L)L>y aJLa^/I JjL>s-H ylj <l>-L?tJI ya ^ilju 

. yJi*Jl L^yJ! 


l -fl 1 *,G Aj il C LaLo-j 4-ij_ OJ-S" La ^ UtJ ! ^ A^UaJl oJLft Oolij 

c 3 y y yJi IaLlJ! cJ15 j ^j-yU 5 ^cuJl c^lliaJl 

- ^ J5 pJy _ y! yU^: j 0 L 4 JI J5 iy jt ol: y U^JS 

. J s^L^wvJ L-^-^a Loti* L)L 

•4 

f.LLjl J> a'^-iz-LJ 6 4 _P ^wvJl 4 _j y ^JL^P oJLoJl 0 Jjts (,Jl 

1 •• I* *4 

4 - p ^' 2 rH '-’L olij^. jj>- ^jb JjVl 

*♦ 4* 

^iljj Jj 4 4^wwJ^ll A^jL«- 4 'y ciU^ Jtnil C-US'j . 4*www*jJlj * 0 

J«^y Sj l.^.i3 ^..laj oJ-A> ^ 4Jai 1 >c-oJ 1 ^ VSL C-^Uj-lsu jl ya I j«g_Lc*<l La 

** 

^ ^ P 

4 ^y LaLiJ^I jL>s-a £y>y J Ij^bw^a OJi" ^y I • Oy^l p-Lp (^U-Jj ^jli>- 

^JJl 4 Aj jJajJJ ^yltAJo'yi ^Oy<>jJl jL<>-*JL^lj LJ^-P ciLl^ J-wjj y^o jLS" 



i'J ‘ — * " Jill 
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i 21UJ 



0->«-Jl j^-1p l—^” l-V ItJLLii J 2J-b (_£Jjl < cJw ? 

Aj^Jij ^jJ /jSL) ^Jj . J-^P L 5j ! L>t-Aj'y I ^T^LwO jr^ 

0-*_&Jjl JJL3 4»L>- ^J| 0 j_a> ^3 Lot . o j->L!t j*JLp jQ?j ^jL>- 4 J jJu Lo jlJTLJL 
I <U jJij Jv-O l)I g- j^/3.U Oj-s-i_l^Jt <LP j-^Lt 4 j j^L?-> O-JtS j_13 4 (j 5 j_-_)L*_o 

^ ^ ol V C JUJI .LjJ ^ ?c ^ &i\ Ji> ^ ^jU^t 

•* «* ** 

. (JjVl l) ^SL lI ^“j 0 L^~ ( jA 
4 jJl ^jl>- LfJ Lo j%o o^-j-j Lo ^JL^p JujLu. 

5^1 

** 

J: ji jJ) L^U v 1 ^' J ^ ^ v*~- c^i r iuJl 

♦» ♦♦ \» 

^oLoj d- , Lx^o iiljwA 4 ^Jjl^ J L) . L^o ,_l>-!^ <L>t-s^ <L> ^_>cjJi 

6 . " 

l^o t»i-iJwLS” 4JL>cJl tUl>. 

ip^— J! aj ^UJ l ( _ r ?-S j^J ^Jl ^iLL^J! 4_»Jl>- ^ c~-£ijl La 

*• •• 

iLorentz invariant VSL theory jJlp taL»JLp| «• j-^a-U oJlJcuJl 

J5 ^s- (Jij&>- . Jj’iUaNl t ) y Lp <vL^J J 4 -JI (>• a^-i jJ ti-Ll' 

• (>• Jr- jJi ^JaJl C W23 1 J 4 (JL>- 


p > f 


<u!p cj jkJl Lo JpLb ^ jiaJt o^*Jl 4 ^jLS oli y Lo J\ ^ i \^ j 

*• ** 

S^JoJl APj-Jl J-?y ijj^ Jr- o* ‘V^ 

LJ*-9 LwO 4 ^3 J^o-pt L)Ij 4 S Jj J . ^j-vJoj jJ ^-Lp !^LoJI-p| g- J yg U 

*» 

OjiJ Ol J 2lLi ^JUi (, PRD iL>^ J _ ulj ^JL;T_ Uj_; Ojb 

jJs Li jJ Ul J . J-s^> jJJ 4juli 8 ^JkU? 0 fr 4-P 

p ^ p ^ 

. (■ yA J! «■ ^ ^ jyJC (jl ^ (jUjj! «oIJu» J» ^1) *)^0 obojjl 

^P t utJ I 1 jLsti»-6 4_1 p _3-° ^ IS) 

• (^f'j^' k>* ls&*^ 
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jljJl j 


- * . 

a 


j J-*-> j y. g,*<w» J I 1 j-JSi Li jLlij I j . LoLo^j Ifjb ^JL j-laJL ll ip 


4jP o jS s3 4 ^ “>- y -g 1 1 oJ-fj *j_>e_<jl j jS>x^o ^c , L^j wLaJ 

o j^3 ^-L b j la « oJ I I Jjfc (1)1 J-*_> Low3 O-SjJ ' J' jn* t, 9 J - v^* U 

^Lj 
♦ 

<* £, # & 

^j^ojJl oJl>-I ji 1 jj jj>o jl (. L>- la * } & 1 IjJUj f' -j^W ip oLjli ^~J-**jJ1 

*y jjJ is j jjcoJl iowLw^ Lfs . i«JL*Jl i^>^v? L&jj J-> o-jjj ^xii 

^ *• 

* 

^ I Jj Jj>- ^^-<>->0 

<lJu^J 1 ^3 <w->l ^>- *uj> (jl ip j*~j objjl wLaJ . ^U^l * — A j->Jl 

•+ — 

Lfjo ^ y>-\ wjIjj>- 'y /^->- jJl jL^l j^Lp jL*-s 4 — is jjo iJliJl 

♦* 

( Jj j-°j ^-vj^bb c£ jl) jli! L)1 ^ib U jJL> Ji j . bib j^lp 

jl <u>«JLp ioLJl 4 »<Jwa-w<>J! L) jjxj L)1 *jLs bUiJj 4 i; j->o o^l jJ 

ip j+j4 jj 4 <jb-oJl ^ ^ip 4 (J ^&\ LaJJP . Lol^J 4-jL>- 

jJb ^1 o(Ju>- j}\j b jjz bib jli 4<UjJ ^^Ip O^Ju ^ * jbdi 

*♦ 

jl£» ^ L-Li cuyrb 

* +* 

wi ^ p 

4^-^Jl jl OJ> jJ 4 If ^vs^jLi/J (Jb>-«J-wuU^ 4 Jj>-1^ (jUjJ 

a.^wJ (jl_> L^-Lp 4 1 o!jl>- jJl ^sJ^l ^-lg-tf-> j-^-*j-> N o j^>-1 j L«^^ 

^ 4 0|J^>-J IfJ 4(^Jji? i^J ^P 7T 4 {j+pS'j** 

♦• ♦* 

^i?L>tJl (^jUJI Ijjfc bl /^wJj U-A ♦ iU^Jl oljj'yi d-jb Lo-fo j?*-** 

• (4!f) c}' ^Jp ^ap 4 ju- oUi iX^Ji 


jl >J JjtiJL t L^il ^1 t> 5U J . ^>1 ^-L— u jl ^ 

*♦ 

<cbioi j aj^jI ^s ^ j^aJi ip oLjj (Jjiii ji • ij j-j-fij cjL>b- 1 la .,<? ^ 
jb 9 . iJu^j-^ww-jl jU jl , ^woLia ^Lj iJl ,’ JLp jl ,v . «,<■? 1L> Jj "V 


f- ^ i t fi 

j ^ JuL'Jl jJ-b (_5 jA-Vl ^A <UcJ^a p j-jJJ 0 j-Jdj' <P J^jl ^5 oli A_> Jl 

o J a c^jIS” L<Jj . jLo jj ul-^Ljl oU^ul ^SJlj olj jjjaJI i^Jr^ j** i— J ^ jb 

•* ^ ** “ ^ 

^-LaJl oljiU ji*i M ^ olJs-j M 


(*) 



fr j) i«"i 1 1 <Lc^u« 
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oXa jl ^jL » jj jlSL* ^ ^Jco V ^LjLi^a oUL jL 

^rLr-^j . y ^w> jj^L jl ^->tj «4JLJb>JU 

M ^^oLic jl : U!l oL^J jlUl ^ v<itj JS\ ^ 

•* 

ojj^2j) L^jlJ^ Ojlijj t JjjjJl olji oLJliwJl y 

^ j} J jJL> LowUp <u*jj Ua>Jl t Sz Ji IjU dJLIJJ . ^lp j ls^ 

^ <ili^ £. y oj lIlSj c4jS^o^lj iujVl yCj JZcj *S 

. ijUai LS yj 

jlj t Cs**'* ^ 4^o Wl 4 ^Lwwq ^o |pjj>- jl ^ C . --7 LpJCP ^ 

•• *♦ 

^— ■ '*-* ^ 4 -dj-? ,B - 1 (-5^ 4 -L ^ . v 2 - ^ ~ ^Jp ^ ^ d->l^ j-P L§-5l^>j 4-Jjj 

Lil5 Sft>*-p dJJ-L IS jU c ^Ul JLoLJi I pj^tJL jiS-^l ^1 p 

AjjJi> cJlS J . jUjjl j jlSLJl ^ 6 j *JC j> p j-^aJl APj-w- 0 ^So jl j!Sj>^ 

*4 ^ 

1^-3 *j-saJI i«JA) j 4 jjJ ^^Jp ^ yZ p j-MjaJJ o jlxJCo ip^* 

jr* & <jLp c jlSjajJl ^ JlP 4j^L>,Jl jl <u J ^JLp 

«# *• ** ^ ^ 

^ <ulc- ^ U5 *->y^ 4 ^~ l ' d^jj • J P jJ'j j-i-skUl 

~b>- JJuJ 4jS^« jJapj JJP p j_^aJl JljJ ^ j i 4 . : ...;1 | 

jLS^ o jLiij Jj J^>Jl I -La L*-JS jt Nl local speed limit j-^Jl 

** 

®cjL^Ssj^ l _y^ ^ -. ^ ) N ojL«_*«J! oj_ft ijl tiLjj *y_j t oL«j uLoj 

«LL)U!I ^1 jl L/j, y C^15 0 j^Jl ^^Jl AjJai 

•Oc^ 


ij cr*^ 

- ^ 

LLgJ c-^iLjj . o-La «4JiiL>t-<J|)) p o^JcuJl <Pj^J! L^iij j^Jp 

principle of ^-*-*^>^1 ^J-^jiJl !-L*-p L L»_?cCo^ L JuJl>- i - 1 1 ^ ^ 1 g c* ^j r* Cr* y^ ] 

* * 

tf f- (. ^ 

jl ciui y ^-*1 y L» ^Sl! . ( J^Jl :>Lp JjJ) minimal action 

^1p j 4 4 ::^’ jr^^d fr j- ji-U 5j r ^ijc<jl 4P^— j| 4 j ^ laj JjJj>cJ| ^<»jJl 
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JtiJI ^LljuoJI j 


oijlull ya y*y j^J l-J fji\ Jij ,j j5\Jl jt-Lp ^p pLjJJI ^ 
l fiJ**-* <jP pliJjVl £jj ^ c5^ 4 -M- Q ^ j^JU-<Jl j 


(♦)- AV 




VI 


6- > 


^Jl bbx-l ebj-Jl t_J jJ&)! e-lj^J Ji iO~>j Cu 5 UJLP <~ijJ >\ j 

•* •• 

fb^Jl £ aJAwL* J ^3s- (^5^ O-ifij c » j J U 5 jjcJl ip^^Jl 4 j ^ iaJ 

0 jl J Ajl^jaj 4_bL& ^1 jjJ c JL*Jl J_JJ ^Jx_a» jJjJ 

^ ^ <. ^1 j->~ V I jjL-*> jLj i p y*/3 1 1 jL> ^s-wM-jJl Aj j. I zj j . l^_jo V I 

«* 

— ^ ^jjlj-s^Jl d— >L$* bjj . Ado ^^J-p ^2j aJjlSoI 4_1jLa ^1 y>-\ ©L>d>tj 

^jr**~*i £*-Jjlj-*JJ jl Vj . p jj_!l cLLUb C^jVl oUd __ aJJc/c [^j\Sy>^a j 

>>- £*djlj-JI LgJjjUxJ lil J j— y*j c escape velocity CjVJ ip^*» 

^Vl ^31 dJL IgdP O ^ lilj 4^ jVl jjb JjUai ^ 

! p^jJl ip^ jyj JaP I 3 jJ v — J ill >- ^ O VbV I iP 

' * ** 

: jl«U juatf o^bNl 01 J yU & ^51 0 ^1 j! J 

** 

yfi <-J jVi J-^UI J • Jp'Uji ^ ^>Ji ^ju> 

oVi^U A^b>J ^51 ^ ^Jjl ^5^5 j» oViVJ ^ 5y ^1 i>-Uo dUI 
3 ®J-® C5^i L^JjLs^ 5li JJI5 . ^jVl 

' ^ ( i ( ^ 

Jj j-Jl jl ^^Lp jLS* <V>-Lx>o Jo y^jo I oVi^U 

ip j^> aj J i jO (( JJjl }) -j ? yr <> I j-a ji yj\ 

^ " «* 

jjpli t P t_5^ ^ • ^J-^Jl ip'j— ^ ^Jl C-'V-^Vl 

Jjw>j ^ip Jjl \jjt ya ^^1 P Jjl jUJ OJL>- j lil 

.Jl/V! 

* 

4 JJl J?l aULSI j-Jl ^ jJJl 0 jl jil 


^UJl f^yJaM 0 ip j-Jl oLijaJ J^2ixj oliUuS'Vl oJlA ! ^i5 jl -iS'jl (^) 

• j^*“l o la .sJ fl . d ^J-v2j t Iw\j JbxJ j j] 
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. LgJL>~l3 A-OjJJUo ^ Lg_>- j la «* £-jL>- o3 j-P*>LJl A k a.) 0 j-£k 

(■ i > > 

3 ^ I b-Oixi \ ^ J^3 I)) _> P ^s^lj 1 AP j^bi Cb ^3 *V 1 AP j+a l^e y r.^b/7 j i AaLlLoJ I 

if P C* £ ^ 

Ijlioo o^JaJ jLi Jil JJujj . black hole horizon 

*♦ 

^ cj ^.k »** 40 j-w>e-oJi jiAj'yi 

^JLp 3 I oA.l' jj^kk OV iibjfc ^ ^>ej L<*j CJU J^'oJl <y o' 

. UUJ Up J^L. 

Jb jj 01 UJ-Jb Lo aL^IJu <oL**Jl /^P j^lvsJl opjj-s*? 0 s ! b^OajJl^ 

** 

^■tJJ J^j-* ^ tlr^i Aj^bJl 1 A^yJ | 

j -*-*u 01 oULu a_*jLv23 L5 jA ko J5 ^ o ^*»k-o a jJj^j 3^-*»0 i— *1 a > 

t> 

c^o! jJk ajIxwjI uuljkJM aj ^-^ vJwoJi k^-o-s>!j-k j*j L ^ps< j+a ^*Sc3 c Jj3^n 

* . 

Ujk t aJsz^-v^ ^j^Loj N jS>xj ^1p 4 ,^JLa1**w<J I ONi j ^*-ikj AoLub^N 1 oUw? 

. o jjLJl 4-^1 


ON Jo 4 ol Jl*-<Jl j JJsl*o ^ 4 J ^k * aI^ws^? . . . Sl>t3 


9 * - 

j-g-k -XjlJ ? A-LS* I.U& oL>cj p j) *,/g U 5 j^JCo AP j_^ lS****' 

♦* 

J jhj *-* obojJl ^ t p j-viU o AP j-*vJl oL ^iao ^5 t frj ■*,!'? 1' APj-^ 01 

♦» •• 

ijiJU >^l ol5 . dJUi* oliCJI J ^ o j5ai 

if ** 

*2 p. 

lp>5 w\^>wvj^ « 1^ 1 wXj^LJ wX- 3 O 1-3 t ^l» !>*> l 

01 J j-aJ A_^jb ^1 o *J?,.h\ Ji jl oi>j Ujcp \j~S j-^i OLS* 

!1 yib^} ^4^^ Jj>sj ^v2j J-i jl -Up p- ) 1 ap 

APj-wJ! CbLjiaj 01 j g ^ LgjN j-!^ 13 A^>tUuJl oU^J OU ^. : .k!L|j 

> 

cuU j ki 1 LaOpj . 3 b-".Ap \ (Jj3l ^ aJUuu-I Ok>u>-L Luu p-^Oj-ii 

P 1 1 AP /^A-o 4 A^?l^0l A^wwvvjJl L <*S 4 Ala3 0 >x-oJ I P^,*Qi.Ll 0 j^UuOi AP j-wJl 

*♦ 

AP OlO j^Ol Ao-*aJ( ^y> ^obl Lo j3 blllP 0^° 4«-d>ujj . AP j-sJl Js>- 

•• 

AJ j-vflJl ojL^NL UUU >- ji JL3 0 APj-^Jl JL?- ^j^aAg^jl liU 4 p j-s^JI 
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JtUI j 


> j. 

X_pj . :> yj\ VSL 4 T JL Jil Xp c-ii yi)l XLLp cXyjj 4 iJilgjJt 

VSL i> jjX ^.<W,>6J ^Lj^vJl ! yijl Xlj CjL^WO^I 4jjl>C*0 JJjlOtJ Xjl^Jl 

. SjlSJl 

^Uio jl 4ji^-t>L*j Xllij 4 ^ yX aJL jiaj iojXl! 4<? ygll 0 X& j~~su ^^SLoj j 
y-^yiOl ^T 0 y-'yLL io J jnlSsJ ^ I OLajJl ^vwolX> <^ww2j ^Uix'b/ 1 aXP 7y 4 j>-jLv^ 
Ob 4jLojiJ Lxx>X iSj ji> oJlS' Lij . p c^JcuJl ip^_* Jl 4^wv^>- *bj-Jl 
4XLL<*-*Jl (1)1 V | . iy-0 4 — « Ai jljj>o lyJlL 4 — A lx>cJL^ ^-*^LL<>Jl oJlA 
^^3 j_& LwoXaJ (Jx*-« 01 LT*i IXA J ^ C-4S LgJlS X>tJ 

** M ^ 

^ ^1 ip^o ^ iLj _y^3l 4yLX> iJ ^iljJl 


o^ALi^ ^.>n * j^aJJ ® I \ 

oi^JLxJl ojX> Xp^_ ^L-UjI Jh c ( * } i 

LXjXs oUXJ ip ^bjJ 4lUiJ electromagnetic interactionsi^^wJ? .-^J nJ! 




time dilation effect 


- LI j\ • -i j^\ yXL ^ Ixl ^19 L p- j-vaJJ 0 jXcxJl ip^Jl ip^wvo ^c-XJ J 

• LjLp>- ^pj^ l)x*^o o^i xxJL Jji^l oL>«jL IxS* y>- ^9 IjJpLJ ii>Jb __ JjLXJL 

4 !^“ 4 /^ t(iJL»jJl Ix^olio ^Jl xxJL) obj l5 Xxj jX £*j 

^ J L-dj^ 0-^1 0 j-SL j . XL C'jXsJl ip j^> Xwuij jJ oX>-I j iJU ^XxJ ^15 sj U 

♦* 

S-J^aJJ 0 ! ■ ^.1 ^ ^-O-’ 7' I L . ^ . 1 1 ^3 I ^ ^ >JL^(->I & ... 0 y L " . ^ ftJl 

tl^P^L J;-^. N e-UaiJl ^ -bJ ^5 j 4^2,1 

. 4-jL^j^AJI AjJjVI {jfi Aj j^S La^Ijj ^A> 

aj^JJ 0 ^Jl i_^kJ OU t il yJl ^ U PUi J, 01 

• ^ (C if- 3 f 4 # 

j-Xo »j ) 4.^ ? 1 1 ip 01 4X-S*j^l Oj Li-® ^ Li>- 4 JL&X 0 jJXo eX& ^ lj)) 


JJI ip^-j Ox L^jLS' j 0^>w> b_^jlj r 0 XXw<Jl jXJ t^LiXcS/ X?L>0i <uXl <j jJai) Lai j 
slowing of oLJlXJl >^Lj 5 y^Ui : lju) . y5X y4 LXI y> LaJl^^j yJl dJX yo 

. (cjywJl) clocks 


(*) 



268 




\Jjcl\3 iJUj^^Jl (j LujS/I c-J JLLaJl c y^>- oL^jJt j jliLJl 

L# ^>l>- JLL>J^|I oIa j <. spatial variations LJLSLoJi 


ipj^Jl oLjiij /»! : «fast-tracks 

•* i «* 

l j^aJ 1 J^SL cosmic strings it jLjl oj j-^aj iLwj <• iJUL>Jl * j-*iU ® 

a ^ 

p 

. ^^1 LoIjo! ^Js> 

p'Ljj— -jaJi o>L> j.,?k2,j L^j toLjJ) j->^ <d ^-> j-$Lll jL> jVlj 

oLoL^I JS- IaJJLLo LU~>- ^vo <Jj| eJLsJtj C^vwJ *i! jJl j C *j>Jl 

■ •• v* 

ur» Or^J • Or 51 ^iJl magnetic monopoles la. *_*_■<*_] I v. lai.l I 

*4 M •* 

JSLi Juki" v ^53! jl: 0U Ji^Jl y^ ^kiJl oL>UI 01 ^ 

jS. i S 

wLvi? ^Jl J^Lp 4 o £L>- jI ^3 isllaJl iL ylb Jg 

** ♦* ** ** 

^A ]g : <° jlj l*JI ^ t v_Jai!! oL>UI j ^bj^Jl ^ j5iJl OLS t *>Jl 

. »L ■— iJl j Ijl>- i>t>-U c>>L JiJ 

- ** * **-/“ # 3<> -v 

*♦ 

p j^U o j-JCLoJl ip 4 j ^ lij ^3 it j_SUl jLjVt C-Lj>oI LoJUP' 

♦* 

^ ^ £ P ^ 

I ^-LLcJ ji ^ yjs . Jl jl OJl >- j Jj£ 3 ^ uL^jsJl ^3 /^So U eJjh 

. Ji Ji ioJaP iu ^ ^ Lr° (( iL^ )} O^J ^ Jj jJJ jl ^>Ll ^ 

** 

£ s 20 

to Isd-yg It k ^ <>J cJ^P ip wL>- y IjtdwO ^L>tJ 

IdJJi JA Ju^il Jjb to iL fc 6t 3L^ : *UiJI ^P ^U1 <J| 

c ^-! j-p dJJ aJ ^ 5i ol t» ^5Jj 

V» ♦* 

^ > 5 ? 

Ujj ^JjLaJI ^jtyJL AdXio c-olS^ 4 aJjLa c-^Ip j ~» j 

> ^ > f. ^ f. i si 

L^-*/?j 4 — - *.«~j i)L ^ ^jLl*Lju! L^_j ^ otojjl ^juL> s o| . ^ j-> jl*_j 

j 4 jL^I? C-jJL >“^ jJ . 0 . A d ll j^£, I .,^t. L <>-■-? 1 JL5 -*a< 

l—>L|j (—oLa^ Apt*- a Li] I oLCo'VL coL jJ l & j j ]' ip j**» ojli; 

^ ’ 

cJj^ii (.OLaJI 3^_e- J^Jc^ao OUj ^ iJU j-5 j-« 

^ • ^ :l ^ r* 3 ^ ^ ^ UJI 



269 


JllJI (3 


Uj5sJ oljJwwJl s — /jSj t y y L**<J! 


ail yd I JaA 3 io j Jl*^ 

•* *• •* 

.^jSl! Jjip Ji 


jj& Cr 5 * 5 I ap^JI bUipl ^ ^ y -_, ilju-l Op j 

, ** #■ 

L^ jbo jJl oy lU jl . *Lajj| yJj J^*J oJl^S oL^sJ<JwO i^J 

C-Jl jLa Aj^JajJl jV oift j-* 2 - U Oj^JcLoJl ip^wJl oL jiij ^y <o j >* ja jj 

•# 

! J^£ M _ i^UJl o~J! jb _ l^l Ml Ail jJb 

* 4 jiabJl od-A y y*j yd I tc * j-MaJt ip j-wJ ijjULd JL^Jl ip ^ CilS ISI 

4« «4 «4 * ^ ^ 

ai ^5 aIjluI ^ c iuJ 0215 UJj . * j-%adl 4 _P^**j ^oJl <bc»w 02 Ji 

** s* ”* 

y 4 J^-iJL U>- iJU oIp^j JlibNi LiSCol t ySj ylpl o 
^ UyL> y jJl y^2_> ‘-^r > - 4 yd' c y ' 'yS' lk»l cbi jJI 

< 3 ^ d)l y Liodl p'LvaoJl Jjij jl£j>L> j JCJbP j . <u j£*j 

aip jj^d !*i-A ^ ioddl j jSbil jlSjl bsJL^b*~o t <uo j^S\ bb! ^ L ^ J I 3 I*x*aI 

twin ylyJl ii jLL#)) oy U? yytb> y y*j • ■‘ 4 -*-^ ydl * H ip^* yo Uad 
• 2 r* <j^“! (k-oj-aJl 4 ^-j ^ Lp) <dj>LL^-! ML-ii t ( " c) paradox 

<b ol jj>«Jl SjLj : jLlU- ^ £*j>- ji jj 55 1 252 &j 

P P 

. AjIbJ jU-pl ^Jwb>- jr^’j'y I J^J C 0 J^P 

JW? jJj c^^aU 0 ^liuJl ip J -vJt J-*Ju ^1 Ul* jl ciLi 'y J 

oL>Jl ^\y\ y fyj JUaj'yi y IJLoTj t j ^Sjl Ijlft y L^aII bj ^laj 4 ^ j 

s ij jL ‘ 0 >- » i 0 >ljj lat ll 2 -U 2 j jjl . Lo 5 (_jUaj 

. oL b^l “-b 

6 ^531 oIjJI J i 25^1 doLlJl jbJ bw^^x— ) I , ^ I b-AJ 


jj& 4 Jr^' jitSo ^y>*j <S^ \X^ ^ ^AliaJi ^yiLJ! 

^ A. ^ ^ 

b^° baji Oj£s~* ULa^ ^ <w^sl ^*oJ! i-jLis^o (j^- 1 t A-«»v«2j| 4_> j-lsu ^j^r" ^ -i-^ 1 1 

(t— >yj!) .clock paradox oU^Jl <3jUa : UojI . OoU l_JI y> aJU^ 


(*) 



' ' 'LC. j l j ^ 
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o aJLqj *L*JL*Jl d)Ld — LoJi^o o^S"j • LjL^jNj 111 

** J» 

/*j t( t ^j — Si jy. cJi- oljLU /I {jj cJl S olj l \ps~) -uIjJI iJsu OjS 

? j^>cjijl j-A Loj 4 ^la *J I jL>tjaj'yi AjdU>- J^3 liLo A3 j^*j 

ijr* ^ jj . A^A> jL^jJl <(4 j|Jj>) j 7 r P dp->-L>Jl J^jLaJl ^y> J-*J 

. <ujLJiiJl j*?S\ j (_£-L>-l ^jI^j j j5 ^j. p oo*-L>Jl j! o-i*j 

* - * '• 

jl5 j t J~-a :>L/? j V ^ ^ j-aj ^ j-$LvJl j j_$J( jiC! 

^ ** 
p ^ f. 

! A3 1 -La I cJ L^-> oL*-L-*>l -Ls oLS" I cr^ w ^-* u L<iw3 

V* 

1 j ^p Ijl—*j Ijl^N a_JLJI 3 jarJI j . j-^Jl 

3 jjjcw-* Aj^JlJI AAj ^J aJL ojl ^Jaj j j*J-*j pJ j . A*o j-SUi oljdipNl 

•crO*^' A/' / olb/Jl pip /p jjflail /I '-^ Lc* 

A^->Lj/o a^5Uls ^-> ^-^Jl *-*>> ^/Jl 5 ^-aLU J-/* ^d-idlT 1 d)l JLwfl 

** - /• 

^ 4 141 

Xo ^JlP dJUuJl p-LJlP Aj ^IS Lo ^?U>- jSJo j . SSjJl {y> o-bl^U oU-jJj 

ol^-^Ji ^ supernovae A-^liJl ol oU j3 a^LJI oi j-L~J1 

** 

dJlta ajUJIj . ^-s^UJl ^5 (1) j-SnJI j-> (J-Xjc* oLsL^ 5 , I cioUl 

. aJU&JI ioiUtJ Ap^jj j j£}\ jIpLj Jjlx» ^Jlp oji^Jl 

^ p ^ <2 ^ 

L-lL>- 3 -L^Jo AjI j)-Lu (1) ^_^JLs . - dt i-s^2_3 IjJL-a ^ -Lo Aj>x-JLJI l)1 

Nj !f jLvJ ^^3 3-LojJl jj (^1 ^3 03 wLoj f' (J-L*-^-j 

>— H M " « •• ^ 

li^Ai 5 *- t C^l j^>s«qJ! wLP L o A-s^3 Lp Aj jiljo o ^3 3 ^>-^j diJ^ Lli J->o d)i 

o j-aJ1 oJla cd»L> jl£j . I ^ i aj jLdo t aJLa^JI 5 j-aJ a ** a . L? 'I apjjJLS 

p' »* 

jiaj (IJL.N) ^ jXJl OuU aJI . ^kJ! ^UJuJl ^jj AS /Lo Li^Jl 

♦* 

. JoJj>- ^jA A^l^J 

\s\ j • I j- 5 -^ (j-^ j J lo j5sJl c—jIlSU ^ ^5 jjLo ^-p ^Uajtjl I Jjbj 

Nj UjUN 6 j£Jl {J liUi d^il U^o l^p ,1 yJl isLU oJLs: 

JjkJL b j^-_^o jli jJi ‘SjJa^Jl /! 1-uN jl /j Jij A$p /i 
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jtsJi ^LljusJI (3 


♦ i>l* 4 - , *)Jl oij^s^JU UK t J-*xj oL°j S^bjcoJl oUJl £^Jip b I 

?h y? r L j&\ Jl>_ N liLJ oil 


ol Ul ^Jjij Kj . UoU>«-* *>U jj s-jU JU o^-UoJl ipj-Ul ijjiaJ oj 
t o^Li^s oLo ^Ijj^cJi ajlu j j_>tj g- j-ygJi ip j_*a> ^3 ^l>ji 

•4 

jj 5 o 4 ^ 5 L^Uji ‘UjJij ‘-^ <y*J • ls 1 3 ^^ o->Li!l 115 Ll« dJJJu 

I j-a Is-J^ Ji ol ^4^" ^ ‘^Ju J^£J| Ootljl l^J 

J^} IwbaM J^>tJ liU lULUJl * j^a . Jl ip^u cK?iU>l UK <ul ^ ^ j jiU<JI 

ipj-*x <OO L u 4 _JLp jk-^P Ij-v^lP lO^a'y ^y^$\ U 4j|^ 4 ^-Ji_P jL>o2jI iO->Jl>- j oLo 

^ ^5-U IwLa'y £j-o O^-U^ ® jbl Ol ^ jJUJl 0^-^ 0 J-^Jl jU J f- J-Uit 

^jU-U s^u-^i ip^-Ki i> jjajj liUj . 4 jL^_ji ^3 ^tUwvJi jt-j 4 _^l1j>xJi 

. ^yjJJl OjIiSI j jiU OJlLaJl £ULp JLs^j 


i^j ^JoSl U j-SJl U-U l-Oj'y ^ if? n«- «■>«»? Jr^" U>Jj>o ol U 

A-Ji-P jL>«_AjV K 4 g- j * /? 1 1 ASj^aj ^3 *L>- ^i>-T ^/?U>U 0 O^Oj>J «LoO*)UJl 

* ' ** rf 

o! jU-aKl ^ ajoUoj jUL ^ i^l^K U UUKI j ! joJb>- 

♦* 

k*Jl 

** 

wOjj Ujj g j) U .U as j *~] I i>jiaj ol U> ol ^O-Jl^ ^-jjjJl ^y*j 

^0^1 OwL^-Ou ^Ul 0 J-^Jl J^ULw^ ol O-U 3 j ^ AjL^j N j ^J AjIJu N U jS 

UH U33 [^LAjJ OjUJI oila ^- 3 JJ U lO-fl^y 0 ji ^U £- 0-9 • JU -^^ 0 

aJ^S>- yfi OjUIS O-’l j^xUl jUjL> P'U-Ul pJU: tU 

ip jUl i> ^iaj Uo 4 oOjOJJI Jl ^p“^/l OU JJ^ 4 OJUi £-* J . ^JLjJI 7^0 
IK . 0 jUJl UjJ iilkJl j-A i-bU olU5 jJ jjo p j-UJJ o^UcuJl 

^ OjwOj- * lg p jL>o 2 jI Ooj Jj>J Uj^iaJl j- 9 ^j £jU 5 ! jUll ^3 j-o-Jl 

^ p 

. Jj Oj>- ojjjJl IjlJ IjUa j 

O^Uj ol OiJ^ £^v2-3l g'j_*^2_ll ip C0-)LS” lij <ul olijUJl ^y*j 
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j-^ ^i V^c- bJJ 

. oU?l 

• P 

JcJU^I SI i^ilkJI LjU- ^ J sjlpI ^Jl oUL^Nl 0 Jla jgs 

H *• 1 

^w4>Ls<a ^ J^j>o Ucwoj>- lf»l J c <u5v^o * j^iJU o ^*Jb* oL ^ laj o J-P ijj>~j 

^ ^y> ^U^c-1 ^1 o-ib «, ^ oU-JaJj 

*♦ 

4 ^J^bj jJ lwLw« ^i>- ^^i-P C^>j IaSn-Aj . (J 

*♦ 

aJ j^JL La L^jbJ P j^/aJU 0 A.P Aj (jl LS^ 3 

•* ♦* 

. aJ L>* ^L>tjJ jL> J^l A. J jisu (JjL>rJ JJl jiUl J-^J t ^*J ^3 

** «* 



OU& jaJI J jj 



(■ St 


aj2-wo«p 4j Lj>~ jz>-\ /^lxJLx> I (1)1 cu^JLp lLUlxJ 

(_*w >l_>c_Jl |JL£> _P C-9 J-^Jl oLS” iS|j . Ol jUt_>| L*_a 

St !* > 

aJ d)l ^ j 4 4-.p.,lg.*Jl /^a <L«bXi5Xa I^XwwvJ^cJ 6 ^)Lv>pL> 

jJl <JLa>j>*JI JwJxxj aJLw>- (Jl jJ? /^LlJxxj I o\S JJL$ ^ ^_sljJl ^ya oj^o L* 

^^ip (1)1 cLLwv**^ . i-O j^Jl oJ*>- jJl ! dil^J \>X& 4*-J&Li<aJl iL»L**Oj 

^ikJij ;k£J( ^Uj 5 I ^ oiL; ipjUi 31^1 JiuJi 

*♦ 

\Js AJL^ 01 Sui tUilixJlj ^JlkJl UiSOl *sl J\ ijT Jc j\ 

s f, “' 

^3 jl 0 ^ IjLqJ \ ^Jp ^ 

<* p 

• 'j^> J^r'j 

• “y^ Cy <_P'j' c;® 

P f, ^ p 

tX^Lo 0 ^aJi oj-A 4jl ^1 4 AjuLXqJI J^P I <,JX>*!>LSvJLxaJ J“** J ^ ^ 

4 j ^ ^ jJLx> ^ JJl Ji ojjJ J^- o! 0 

LJ jJl>hj U5 4 K 4j jl 4 iJUiJl j ^U-vvJaX«-« ^5UJ ^ o J->- ^Jl 

*♦ 

i_jl jlg.,<g| ^ll 0/1 j*J jl>- j» JL»^>- < 2 -w>*-Jl I j-* ^ ^ ^Jl I ^ .<>,...) 01 

a i . » .,aII i^I J ju 0^^ ^S 0r° ®*^i“^- : !“ oLi^l 0/_j t 

ji. i^iJl oiJuidl ^l^-j OjyJl oOUUOlj 
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^Jj <\j>-L>tJl ^Jl LL—ji o2 jj>*-i 4_L^-*iw<>Ji ol \ p ^jl ^lj lo*> 

if*. J ■*$ 4^ cA lAA ^ (A*J (V>oj • diJlSLaj iiLSiJl lf*y$As > 
cjltAjI ^c-Ju 4 _JjI oI_l>- jJ oLipLk* sj <-i jl>- y ^ 

^ p > ^ £ p ^ 

Lis' iUjVlj o LjJiJl <JLp jjb ^LJjNl <jlj (.(quantum ^ quanta 

. A-LwLs CAULS' iS j***-* e^Lo ^j _/0 j_«_-^Jl aJJL> j_oULa ^u-*)lj^ oJjL>- 

tZ f. + p 

<1)1 j (.quantized oUj^Lo j^oliLa ^ 4 r «* : la:«-<Jl L* jL^j jl ^ j_l*_<Jl 

. 4 « »«* * la « *,a 4-JjVl Olj->- jJl JJloj (^5*^Jl 5 jJL>c-xJl ^ VS-*A»J>cjl ^"A ( 1 ) ^-^1 

$ A A jAJLSI l*XAj l Ug.jl oU5^3 j-OIJLa ^A 4JLi-i!lj 4,4,*.* yall ^ (jl jS'jb J 

.uu? 

SjlijJl N J jljJo <UjlJ L>- 4j jiij Jj>j ^^SloJo i JoULoJL 

1 JljU (ilUtil jti j-*j) graviton <j jiJl ^Jl oU UJLp t ((quantum gravity 

z £! p ^ 

4.1 UiAJl OjJ .J— J>-jp (jl ^.Xu IXJX-A^ . ^x-^^g^aJl 4_>- ^jl> iily^^fl ^Jlp l*XX-aj 

4j jJaJ ^Jl UjUli^y iJU- j^Jl oJu <ui *Lp ^ <*L~P (j5 ^^1 A^JaJl Jg ji 

♦♦ 

C l ^ i l C' f' lx&wL*j 1 ^ ^ 1^.^ /? , > 4.«,/2-i 4 J l«*%**a ,^U I 4 J 1w>2-aJ 1 0 t- -J - X c> wX3^ 

JjL^JI f yo L& j! ^^[Pierre de] Fermat U J ^0 y >4 la Jl^ ^J\ J j 

4^_^L>- 4^jI>- 1 j_A (j ^5w ^ jj . I^JUJ jl ^U»JL«Jl ^AJl» 1 0 i 

1 M 

. *j^}J S i*jJ\ cs* 

2-flS v jJl V_JI ^>JI ^ ^Ako 5JI cJLS aUI h\ 

kiiJi ‘t 4la....i CjIjLaj *k>- j£> j~>AJ Nj 

w iobJl 4-s^sjJl 4j 4 - - .. r? a l^j.^_>- (J Jj /r 4 JL^Jl 

Lu oiskjj' juj ^ i ji5^A' ^-4^ ^ 5JUiJI 5 y A 


yk-^Lj (1665 _ 1601) U _J jj (-») 

M I* ****** f 
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oUiSjII jljj 


L*-~J jjJatj JllAj'yij Julis 4 j| Jj t <Lj I Jo- *)1 1 L^_~9 ^JsJ 

£ 

. 4 JL 41 J 1 1 ^ **.£> 1 . j 1 j^Loj'y 

#* 

(5JUUI J\) J*S ^\J\ iJUJSJl {U* 015 Lla 

^ z' 

j-* ^oUL* ^yrj * olSvojJl <Loi\J quantizing gravity 

oU oULS^ 1 aLwjlj^>U iLU jS* j I A>- 0 jOw? (^jLojJl) Juo'yij (^jl^oJl) J jb Jl 

■ *♦ *« 

^ p p * 

Planck length J jb ^1 oU£)l # JL* ^Js- jikj . Ju«j jl <_gl c-iJjj 

& 

N lf)l Jg j.^ L$ip £^^1 jJl j^u ^ j Planck time (tp) dJU% (Lp) 

. AiJL o i)l Oj 

ol IoL^aL OjSC Cl y Cl 4 OJita ^3 ji JJ .LU^SJj 

Lo-A (1)1 ^al 4 (.. ^ «,jg 3^ 4 4 llfl a 4_oLiL-o (jlojJl J olSL&Jl ^JL^o 

uLo Jl +J2ju 4 l a a * 1 1 0 wLa J jLj ^Jl ^ CL L*-Lp) 4^aL>Jl 4»^wwoJl <u jJaJ LiJLp 
oi dLli Oil ^-1^ J~CL oL#jJl j oliUJl olS liU .(JJS jl~ 

Ia5s-& . JjJJa-a jLaJ jl olSCo £*l jJl ^^3 <cCj • ^JLiia^ Lo^JljS O j-£o 

4 ^/aUxJl 4 ^*^Jl 4 j L oijJ i Lo^ajl dr^ 3 ^ y^ 

4-lLi-lli 5 j j_lij k? * « * « «*« > i)l L*_>s Lv ^ *oLwo (Jl^J^ fjj* LoJlpj <* 4^oL«Jl j 

. ^jO>tla a^iJI oI Nl 

Laj V 4^ j-o^v!l i] Lilli ^3 4jjiaj 4 ^L>bJ! d)l tjfc JSj\j 

^ 4-vA j^SLII iiUlil j 4-ul J J--3 0 j_AiLla Jj>tJ (jl wb ^ U'V (. 4^^LaJ| 4j 

I Jla . oUi^ o— J _ iULwo _ illilll oI juj- jij| ^IjlaJI ^ LljJ Ujj 

|mL -4 ^l^uLo 4j>-U>tj 4 >«^JaJl oj » ^i]a^,oJl Lo^*»Lwj>-^ jI^Lp j jj>cj Jii (JL^jj^NI 

++ 

I L^J-^-aJL^j 4j jja^ 2 _^Jl 0 -^L> jjajJl t\pS> i^^La-JO^I ^-Lp ^ 

* LJjp- ^ja ^L^ill jJUJl 

U Liij '_ j-a-^-1I 4 JU 1 JI j-^-LJ LajL^ Lo /? jju Cl 
^^Jl J^iJl jL>Jl 1) I j-o-p ^0 5.uJ! Oil: ^ j t Planck epoch OJJVu i* 


4-sj3J>- 
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frj) <<^ll 4. C-j-uj ^^yuu\ 


iJLilJl ^ J $ A A ^j->- J*^ ^ dd-o Lg-Sbj3| jS-xSj 4_ fl-UL>- 4 jP^—* j Lg_^3 3 JLqJ 

j^-i A~«^-<>^Jl aSLaIJ! lJI^ ^L^iJl . A^*a j^£}\ 

La^JI dJJu (!)l oSM r U; L'l Nl . 2JUt>L a-_a^ JU^! Ajjl yuJl Uj-^i 

<l^ki\ ^1 0 ^~S3l a^OlaJI y*'j>r J* * ^ i <_?* ^ 

** * 

Allj 4^Ja3 tUdo ^P aJLj>-j <LpL» L«>A<Vm} 1 

L^-^-4j j*J 4 — jLJ'VI 4_*JJL 0 L 0 -IS ^dJLol aj ^jiaj Lo o'lS* jJL! . 

( ^JJ! OJJS 01 y> yJu ^ c^5» : Jj-aj aj ^/iSj t a-SO^SM aLo 


Jlijj o^J>-Nl A— *»Lij! Jail LjJ_Lp ^obutJol ^j-o A_<dd>~ L-oJ {* jJl j 

j-pr -Jts L* 1$-*-* 

L^L5j c WUsJD 3 ^L^Jl d>Jl JLjidL U ^ j ) s ^Vl ^LJLjJ 

*♦ 

0 j~>J->- iLj-jJl USj-^j>- jL *>JL Ol £ 2 + 0 N U^-l . li 

>=*■ bj-^ 

.,/?*) L>^3 L>-a^> N j 4 Aj J «- S l^- yMl Ji jlfc^fL 

♦* 

. a— a^dv-ll aJL^JI doL ^laj 4 j lo>- ^>- ^£jJl 43 111 I JdL—Jlj 


•a 

♦* ♦ 


» 4— oi^Xpdl j_^JaooJL» 4.*/? ^-*J 4_^4-L*Jl 40>! jL>eJ^/ \ <JL>«-^ ^3 4j^p ^ ^ 

*• 

. JiVl ,^U o^'>=r J-! ‘•'• Aj "'j (( b 5 U- ; OiUJ N ^»jJ! tJjuJLj 

> 

JoLS-fl ^3 ol) jiaJl oJ-A J-^*^ ® J^ 3 >X>^\ (^Jl! jJo 'V j 

ciiJjOio e>*\s>-j 4j I j f-Lp^Nl ^ (J^ J-^Lo ciiJ^ j ^ 40jJj>^J| Uj>- jJ 

a im p ^ p 

. 0 I ol^ ^4^>ij^<Jl ^1513 1 )) 

string theory jUj^l Z > ^JaJ 4^0 j~*£J I 4 JU 1 U jLl^-u ^Jl ol^io ^iaJl J 

M jl^j ^Ja-Jl jUU cJlS* Uj . loop quantum gravity isil>Jl i^a j^SUl iJliill j 

p p p p 

iOLa>Jw^ iJ-Ss 4 jl w_j j3 ^j-^a 4 -JLo.aJI ^Lv^jVl ji 4j j^oJL <jli2-o y 

* * 

^jljiJ^j l^Aj . tj5 y^\ ^3 4^pUa3| 4—0 j^»tJ IjJ— jXa j\ 4(jl ^3 4 j ^ olo 

+ 

VlUJl ^j^Jl illiiJl JU^ ^ J^J do^ liU : fjJ\ 
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oUiSjll jljj 


>— o AjJiJl 2-i_Jl j \ a ~ .. l AjjJaj (J_jllXj j j ./? >rj 1 * ■ ■ & s j 

* ’ i< 

ill* OJ-P Or* 0^ l>LJ, 

A~iLL>Ol JjUill jLvSjI OJj^>Uj ^y> 01>s^1~jOMj £^_>^J| C-4jL*P 

. iIXLip c*>wLa 3 dLL> dL 

A^1_P j-y~^ i^dll Jaj>Jl 'b/ L)Ls ; dJL jS> Jd ^3 <jL>Ji jJ& Lodj 
^ ^ V 15 JLiU U/ j/, 

L)L> L« t AolL>eJl ApL^J>- ^1_P ld> J-P Lg_*3 JJL) aJLLo ^ JJ ^3 jljj'y I 4j j]s2j j\^2j\ 

\Sj* j-o ^i4 aJLLo d*id liU : aJLL*^ c-Jli ol ^} ji\ olj^aJ <jJbd ^ 

4_djLP QJj J la ? lodLft (( . jlj I <U j_la j ^ L>x_) I ^3 4 JLj jj r ^> P A_ELk_> jd" L^J < 

*• 

ot *^p» «ilUJl» j! ((^jJD) jOi ,1)21^1 ^7^ 01 j^a; .oj>L-j 
^ jJiOl 0 _^0jj <ui>Jl l a\ ,J1 o OJ>5 jJL* . IaJLv^jj jl t )l Jj*y 1 ^XAj 

• <j* J^* t!^i 

♦* 

^ fl— ^ j * ^0 J ' ]g . * *■ tf ^ ^ i • V * ^ ) ^ A ■■■ fl ) ^ * y— J 0 wi»«m O 1 0 ^-^-> L 6 . * 1 0 A ^ 

lUJl JLiJ . v-L-Vl ^L^OJl ^ JUJI 4 JI Jl Up 5J Jj Jl 

O 'dj . d***; La 4jL jJ^j L>c^_j *U*^2jJ 

0^->ajJl 0j-$i3 L > L^i L)l 1 ll llljj 

ij~~* Ailpl ^ 0 JI 5 ^1 i jJ & I (_5 jjJl U jJi-j ( ^jS/ 1 jl) jikjl 

*• •• 

. <uLI J pLjUII 

M 

P ^ ^ P P ^ 

0^>- Idj cli^-vaJ ^151 ^woli t J-Jl 4 j O-^JlAj UJLIP AjL5 j^o ^1p 4 I 5 J 

^L^-L^-Ji o>- L)l ^ j«4>s_iJl 0^-5 t l_&d>*j> c*»Lw^?L-> j_Jl jL 

0 *AwA J Lo-^ww«-A> L Aw^ l_A_! 1 A-» ws*.-v^*J I L j 3 ^ ^1 L^ i.LhP Aj I aJ U^O Q . <A ^ 1>*- ^ y? 1 1 

Ai-s^Ji <Si ^ ^'S > " ^ oJ L a AJJ^3l Jli j ! I 

. JsLA3 AjjJ>tljl L^-Axi P wLoJ_^vO aI*,^.,)! to aJJLp ^7^ AjjJ>«-wJl 

♦» *♦ 

jLs 4> C jd -L j A-4-*3 A-«L*J| A-^w.«jOi JL*j ^j>^j ^0 Aj^i ^ • g U . j 

. p\i p\ *j\ jji tf. Uij; 



^ tt AC-^-cu y-Q y ^ " I 
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5JLilJl ^3 o j_LaL*Jl £LowL*Jl JjL>s_j ^JJI j_a I j j_>e-*Jl ^^LlJLLjI j 
»• ** 

^ jJl 4 Aj ^ 4 JL^>J| oL ^_A^L^-pi ^3 4 jIS"L>5»o ^_J| A*ja 

U yt oLLSLlJl ^IjJL ol c5jl ^Ij * Ap-t^^waJl 

jJujj . oJU/SbLo j^Jo IJlA ( ^3 I *LoJl*Jl (jL^>-i jL^wa Jjc>xj 

ptflp £■ 5* ** iZp 

* jLSJI jl je- l jJili- ^bul^L. IjojlI L*J j o yA y> (■yjjt, o' 

s ^ ^ 

ISj apLjI ^bw>cj La i >UJl ,Ju>- j-Jl oij 4 <La ai^_*vJ ^j^jj Lojj 

. |Jb-l jl L**Lp Ol^ 

oLLs-^<>J>Jl Niels Bohr jj_> cr Jt-J ojL j oli j-a <J jj>- ^li L*JlXp 
l)L5 4 ^ j-n 5L)I OkX>- a^o jJij <J jj ol wL*j 4 o j-SJl 

^ . LoLwo^S" "uLoLol ojjj)) ! s 4j aJ 

aJ jJ3j La * j ygU 0 ^JcuJI AP Aj jla,l] j! cP j-^Lwvw<>Jl j^P y*^J 

• Lf^LJ oLSjl C->J-A L^jI ^ a-^ iJLiijl 

** 

j_Aj 4 f-L^osJl ^3 A^oJ&'bM 4 ^*jL>- 4^ojjO>31 aJIa^JI JjJ ol 

~ <t” °<t ' 

4 0^1 Mb l$J ^ ^Jl cijU^Nl 5^1* ^p I 'jS M^j 

^3 I a_^o ^^-SD l aJUiJI I^J^LjjLwwI 1 jJjL>- aj j-^slj jLyg >1 < ^J-> 

^^^P 4 A^t^a j.^».!xJ I A-ul>cJi f" Lo i A . > „ - lo > LmaJ bpX3 .— ’ ^ 4^^^LaL \y\£j .dJJi 

* j) A.^lJ e AP ^wJl Aj Jk2j c)ii ^LaoJL . cilJ^ y+/2.’>- <—JL*S N L)i 

^yi ^ ^oUj g-l.*/3.A^«.<o 1 ^^lp !*La ^gAL<>^>- *-^3^ • aJL^JI A*.-»-$sj 

* jLj V I Aj j\ 2 jj A^a AjLBiJi ^iL^J ^J^lp 5 j^L^a oN 'V 3 Jw<>J>&j 4 Aj jJiJl 


P P 


4^j^Jl iJUiU aJUJI oL>JI J^U: ^ 1^05 *y>\ ol Jbjl N 

^ jj > > 

iLiJl Jpl jJs> j*Jkl jyi ol . OjjJl L^Jl_JLaJ {j£- a j5\J >»LLiaP-l Ol Jaii i jl 

tSliJl ol _^oJl ^ 00^-2, ^xJl jL-j^I AjjJi; ^ 

<* «* •* 

^LjV Uij 4 j ji^Sl . (M-theory) M aj 

A^lspl jL) j} L j-Jl (JwLvJLwvJ -LS J ) C1 ^L^^Lj>sJ| ^ Aj I ^a 4 Aj^JajJi oL_A 
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cJw <^iJ! bJj*>b J L*^J olp jL-jVI J j-b ^-^jj w(Ia! j^i j membranes 
( jJ?\ j-pSM ^ 1 ? jqq ^ oU^Ll^Jl jp jbj^l jb_*Jo cL~j>- ; ^1 SjbiNi 

.iJUJI 

•* 

^jp \ jJzS aLi>cj — {£ ^Jp — {£ j-> j ^JxJl jb lLU^ 

ji Cl U 4 J jl ijU/yi jL^-j-a oL^-j>-j oL^*j iiljjfcj . j^Jl 

♦♦ 

^Jl *Li^l >1 cJl5 ISU jl£*jJ! a«S 0 J Lo- I jjjk *5 _yi 

^31 j^LJl jl OJUi ^i\ t ^OlxU JjlS ^ *^>- oli i>UJl <-% 

j _ ' _ - 

tAi . jJb»J i_^w U yk _y ^y metaphysical ioLJl (J y ly» J»^>\ j* 

♦* «• 

^vi5 jl tilpLLSl bJLSbojJl bw*-SjJl oJl& 

*♦ 

OLi J^JOj . 0^ ^y AJUi)! a*So iLj^JI lyixJ! oLj^aSI 

. aJUjIII ^3 4jJ»>ta Jjo jIj 1 

*♦ 

<bl _jJ-u U Jy-jJ Os^ (_** y-^' Vr~^J 

•* 

JA ipy* ip^^J Uij jLXll a jL'jl oJlS 10 U . lAJba* £ yj oUby- 
(a*L*Vl jlj jSlI) Oj ^-4 ^ yj Olios’ t harmonics iSL^ y*-5i oLajI yJl 

by-*»^5-«a C A^«b.^t*a ^-0 Luo? i«*m^i** ^|»S” * t _ gO*^*** 1 ** ^ 

J-^oj ~U^I jJl ^)p JwL*Jo t jj jJl TyP ljlc*j j . b jl^ok'V 1 JiUaJl /^o 4jlil>t>o 

dQQ> ^jJl JjfcjuJl j . l^l*L>- a^sLj b^i ib>JL a^J 

Ul^. U ^ JuU: C Jl^I ^ 1 ^Jl v^JL J5 bi jljV' 

. ^0 

^0 ^ ^woJ>- j! ! ioLfJl J-J>- ^Jl AJai»- oJ-ft b J3 

i t d-U^ <L)Lb ba^ OoL) J C->L) ^jJL3 I C->Ij yj yb 
bbi C aJLw^J>- AjJj •^-^ w b^'yi jbj^l jjk ^j-a JL>“lj ^bjo>TL>a 

. >jSm ci >Mi ^ W 1 ^ ^ 

4j| IJjI ciLj ^ jj j»l/ w b jl j-«Sn li^J jlS’j 
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jl jNl ^ \jAjh (J ^1 -uLtoJl j . (JLiuJl JlS ^ J^p) 

L^ijj jlSCo^Jl 4 jJj j^Ip ^>joli jH- 1 ! 

jj j ^5 aol* t LiJUJl ojU jUii ^Jlp jl >- y jU jSfli : ^loJLol LaTj 

ijjiaj jL^ajV ^JL^wj^Jl ^ jiuo y>-\ j~S j y*a 3 4«>-j 4^J j . 

^JLp ^y^Jl 'V c ^ULI j-p I o^-5v-> y**^ • jIj ^S/ l 

olu^xllj Ojosl j^JIj Oj^j-flJl jl j-p ^^Lp) L^L<>-A-Jwvi>“ coi-lj & aJlaj ^il jJl 
oljL)-« oljLXa oljLLo a>-I ol Jl*JI ^c, ^j>-S/l 

string grand unification jU jbU ^. : iajJl Ju^- yl\ IJl£j* j . dj jOSUNl y° 

. oL Lj 

o jiJl ^ oLoJLjJ! v U-fcU l 5 4^ N «4 ^ jJt» o">\iLLjl j_£J 

** *• 

(O 4 U-J Jij^s-J AI— <_P 0_>£ ^ Vi J-*^' jlj/Vl AjjJiJ (J ^Ul 

\ ywsi\ bji J; <' 1 > J -*-iJ ‘ J-’J 5 _0 cs* J^" ^'-V Jr^' 

** ** 

^O j l g A ) l jljjVl *L»~Lp (jU cLLta j-JLp Jj>-i ^3 ^£3 ^ j-Jl L»l 

j^j ot*jl 4 j*>^J ( Ju»~*J Aj ^J aJ ^i-P **^1 LoJ^3 H <J j^-o. Ia< 

S* # ^ 

. L>«-sA?l^ Ua^>- 4jd?L>- LajLjlpL U^^wLjcswjI 

v» 

jljj'y I C. >U jiaj ^y> L_ibl T 2jz>-j <• jl L»-3 4 Oj I 4 A^JaJlj £j~mu iJlAj 

Tjlp-T j! jJ ^ j . iJLJjdl o^\..^i.:.'l Ubi y ^Ui^UJl LJjH\ j 

•* 

ei y>- y> 1415 <ulw2>tj 4 j ^53l ^Lp- ojili 5j jJij J-*jiil< <■ , fl.--'^ l 

^ U^P N olUU k,j)a^\ 4ilL- tiUJ : J*L~ij ji ^ j^J 4^1 3 U.I ^ 

jL- ft I 01 : 4-wi~ 5 ^ ^juI Jli U5 j YoL^S/1 

• C 'cr i CP* Ji 4 c 'cp* i 

*• M •* ^ «♦ ^ 


oj-A <U^cP jlj JUJ 2(1 Ob j-« 2 j ol jJl JlaIj! IJlA 

jLs^ 2 jI . M Aj ^iaj wL^j dLS" ^5 5Jj>“ J^o ol jOJl -5 OJLp 

0! ^ ^ ^ cri- 5 cr“^H OP M Aj^ 

' *♦ 



281 


oU-Sajil jljJ 


^ \ tj ^ j+~*i jr^ ^1 L» o Jj* jj Si Aj JaJ 

** ^ 

^- s '^ L^ 1 "^ A-*-?*“Ls^ ^J>e_>-I wLa 3 4 ^9 LL*-aj^ . 1^5 jj Ju>-| 

' *♦ 

i^LgJl ilL^Jl o_La c~>w^I 4 M o^>JU aJ| y jt La jK..^aj ^p j^wocJl I Ju& 
L M x^aij iSLa lAjjiiJl o-L* jlsoil ^J^JaJ! ^>-LJl A-JlSLa jlla 

jl ^ j*U-> «?membrance *LU>» ^ Smother ^l» a^ :> Jl J_& 

♦ ♦ p o 

. ^LUJI IJ-a y M a*i*J U j_* « masturbation o^^p jjb>-» 


5- > 


i^oUJJ .sLJL ^ 1 ^1 p w_->L-5Jl pLJUJI r^jQ i j*sS Jw<*_>c_j Lw^u ^ 

M ^>=rj ^ *ij-k-» j>* jUaJl jPl pJ SI iM Ajj-kJ dd> j ^Ljl 

lr* ^ ^ t JU^Jl j*_^; l$Ji p_^c-ly ^j, o js-x» *-aj <.'%S\ 

(_5jl c— ~ii i l . . /? Ul l»! . jLjj*yi jjJl ^>-jj Lo_il ( _5-^ j l 1)_^ ijl 

ilUJl 1)1 1)U Ji oJjJl 1)1 JlsxpIj 4 iJU^Jl ioSUJl JA J£, U 4J 

*# 

Cr* .T 0 ^ J-* 1 4 M 4_jl y \ Ljj y> «Aj J ijJl (Jj ^J aJ|)) J*£. j»jlaJ| 


(*) 


-UJI 


Aj^ JU^j ^j"LJl JS- Ij-jy C~ J ^t jl jiy\ J-* X> M dUS JS £• 

1)1 J-£j 1 1990 4_i r j? ^ ^Jl (jxj- iawsLjJI a~~LJI jlJjVl 


Aj^^ ^ oljj^jJI A?-jjJ __ ?:r jij» l Jl oIAj 4jjiGl ^jJl 

^ J^i ^Sf J_.liJ| 4.LJJI L. OUj- (jiUj 4jUj^l 

** #» ** 

J ^ ^ *A> o- ijr* 4«» /9 & J La ^ys . aJU-^JI Aj j->«Jl!L) 

La iJ-ftj . As^wL*J| j » ^.p LAj aLs frLai>-^/ aJjU^o t iJ j_^Lo AjU? j A*J O j.A -,^1 jl> 

' ** 

OwLa ^L>tjl ^Ip j-y& t J J^jl (*-Lp ^Jj Aj ^jJij i JP JjP^jI 

' ♦♦ 

j-^Lp t ol oli jLLJl ^4 >p ^^a <1)15 5U jJ . 4.xy.._SL>J 1 o jJajsJl 

p ^ 

• AP l/> J^J J L; UaJ <.oly^ 


d-Aj ^SL»j I . j . 1 ^ . oLo_dj>Jl (j^« ^Aj I& JL»-« ij j£ j j s>~ dJJd (ijj ) 

WU*- J5I (iUjl A_J)i) h jS ij J- 
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Pj) iAii 


Stephon jJL-*sJ>31 j-& ->- ^ aJJLJI cIa OJj>- I y jl jSi\j 

M H 

JL^o! kJS y <>\jy£jS\ -bo U oU j.> y li^-L; •yy\ ^JJl c Alexander 
J-! -o-kr^^' «-L*-Le- y Oj-y$ yh?^ u-^-d ^ ,2000 id— c-i kj-=>- 

' * • i £ . * t j ~ * . ** * * 

0 jy-i 4 <W^Urf 


. Js>lJLlJl 4*V>- V 0 4 .*wAjJl 


f 

^1 VI £• J-^'j 4 Moroga-Trinidad ^IJLJ oy _ ISjjj-o ^ 

_2 1 | g a la * . j AjLJL) O— > 15^ 4 C^w-o-P /^>3 <C*_>LwwJl ^3 O ^ L«>-i-LP 

o j^_ y 'jp aJ jl^ oij t/ ‘Wjjije ^-“ u t/] Bronx 

*LS2>^' JUWbAJ oJlio cl V jisLJl 12,1 ^ oV ^1 


. > 


JlS~» Jl 5 j . pIaS*! J j~*X*~* lg-> £\>Ua^3*>U 

De Witt LJ-*Jl j j-ixiS c^j ^3 aj>- y>tj -L*jj c oJ^li Lv>l ( ^o 


ivLP)) ol*-*L>- ^Jlp i-wwul ^-Lo <lJlp cJ> C linton High School 

iil ^Jlp jU- cJjLp 4 JI . Ivy League (^J ^yi-J) 

4j>-jJl1| <JLL3 4 pLjJ^aJI cjL>e-P ^3 ^j/a «,^,>gJL5l -La3 

%♦ 

✓ "" 

<_k ^"-P (►* c Lu J* Haverford 3>j ji ^SU J* a^UJI 

•» * * •* ** 

j»JLp kJi>^J\ <uj>- j ^J al ^Jls- <1)15 V c Brown bj\y_ i*-*br y 

5Wl ■ J> yj Robert Bradenberger £ ° S.JJ ^LJ^I 

L^i La J5 yqtCl_ ^-Ijj Cjljj'yi Aj jiaj (J J->CJ Lo iJ^T^ 

• (^4~! 

^ ^ ^ > £. 

olp C-J jj>«-JI I Uai*- IJj 4o1j^iS , 3 L^-JUa O^S" LoJ^Pj 


oLN jJl ( jjo ^JLo-2l!I p-j^rJl ^jL<w ,^a A^j^s^t-a ^t-^1 . v>CLll a^op (^) 

CjLiLwM^j^ tl) ^ 2L^-v _ > ^ jLfe . ^ \q * , r i *b/ 1 0 1 

Jjj . 4 JISL 0 L^_*-9jIj Jjj\ ^Jja t Oj-^J jUj 

C*— )j-a t ^'>LJJl LgJo y jss> {jA VV °‘^- & 

•- •♦ #* > 

. <uSnj oL*-«L>Jl k_iJjL>c-<o jj-o La y*' 3 o jS oLjC« ^ . ^ l a .a d 1956 <£**> < V vS? ^dJ 

, vLJ 1 ^ -2 JUtj cjL*-«L>JI cJJJuJ <aj j-*JI ®jCil oLS” L^jj 

(^> JO 
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c>U_LjII jij j 



.Stephon Alexander ^kr, ... 




Elias . i ir S ^Ui ^JD jl <L>X>- dju* oJ jJl aJ 


j-« lj-*j) . I $ *«« a > Sj-SjaJl tCj^i SjjJ-p- *>LflJL^wo ^Jl)I c Kiritsis 

^ JJl LL*Jl oL-ljjdt ajLvoj^JI ol jJL*JI 

** 

jl5 (jl ^JUaJl ^ . (^JJajl y, £^\j JUSL 

<* t> * & f 

4-^-*-! tA s^jJl 0 A*J' J? L*tr»j) jAr— J-^ 

. o^J c ( y-V! 

j . /i“S\ ^ M ijjiij 0 1 LAjI Cj jS ~ j . IJl^- a. Ij- ^ a ^ * ^Jx3 OJ15 

J-; t(j-*-Jl Ajib-I jl <lJL>- aL~j>-I ^yj) -*L2L> strings jljjl 

’ ** #! 

UJU- dJjl ^il jJlj . (j^Jl aJ>Lj ^y& j) membranes a-vaLpI U^l 

jb£js| klU £*-v<2Jo t I J-*-j Jj>-I ^_9 ^ jj>- jJl jJJJ M Aj j b i jl iSjJu 

<U-^LpI M AjjiiJ A*_L ^o^oj) l^wLP ^LpVI ^L*jVI Ob fL^-Vl ^ Jj-sA> 

. p-branes 



PJ aA . 1 I J-LU {jA 
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Ij jJLS JJw« <*_i J^- pUj 4 ^ jJl olSUjJl ol 

aSUsNI ir° ol 

• ^ {~ jjj jU_*JL> 3 jlia. 3 1 oli jjlji JSU* 

& 

aJi jU *j\+ M Ja tr Jip jlip ^ l>j Cl s)js j^>JJi 

^ yj ^ 

A*ULP*hM 0 A«Up ^JJaj U ^A-P (S*^“^ O^-^Ai ^-A-P ^1 * C-5"*^ 0 ^ 

(1) 1 J 2JL& J.J tfi j - y *-* P iJLsA^/l iL*-)Vl (1) ot < j kij N «brane-world 

^3 ^jUl ^Uu'iM ^Ml!! *LU*_!l \ Sj* jA-b — ^ ^S-L jl ^ALjJaj — ^ 
<oU*Ji ^Up J'A.aJLj SUU yj^JU 0^ ^SaJU Aj . 1-L*-! j-JLp -L>- 1 fr- US -3 
bJLp 51 2^1 ci^JLi Nij C^LUJI jp JUiiNi 

. ^Uj^I >Vj p-ULp LgJw-o ^^-iSU 1 O^LoJi P y> ULi 

t* *♦ 


- i> 

A _*_> 


^ii! 


e-Vi j.* ■^-ij cA* ®W^' c y b ~ ~*j ij~~?~*~tj^ cr'j^ *^j 

5! u>^i(j . aj— t ^ aj^a j^Lp ii>^ Aii jjLi ^jji obySn 

Ujup U.$.:S3 . OoU jljiio ^ jJ^s* Jj>-')}\ ^L»uVl *LsiJl iUj>- * j^aJi 

«• ** ♦• 

^3 IjjLaj I Jt>~J 4 ^L*-^ 1 ^LaLaJI ^3 ^ ^vwwJ>J I N P j A, A 1 1 is* j->“ ^^3 ll>tJ 

«* ** »• *♦ 

o jo^-o jjJbcu /^i-p ^ jj US ?- ^.yg.ll ap- q\ IjjJ U-^-j 1 4jLS>Sij ! <cp j^a> 

^o p. j^ll ip j-y- ^ o jUj ^jSU-U I ^ otj tNl ^jp 

j/5j1ju ^1 U^JLs*- ^^UsJo 4^_jjJaJl . twSUJl ^j-a s-pl jJLfil 

l$j\ J--P ^ iolj j-Up 1 d->S <u^U^> V I f- a^? ll ip oN t <-^-wjJi 

jjt o j^il /^-p as j*j U J5 oS l^l p- aS ) i ip j-^ i ^3 iJ jLL 

•* «* 

i ^Ul iaUj^I 


. universe 


^1 ^JaUI 4 ^Ul ^ Uaj *J I Jl~> j_>sUl SiL <0 -jIS 

M •* +* 

^3 cl-->Jl>sJ! chUI caS S Jjp 1997 jjU /^>U!l o ^S j^-Jv ^3 olJj 

W' ** *• «• 

‘ ^>1 Ol^O ^1 J^JI ol Jj ^ . 1^15 aIjT jJi Ji ^ 

• '*-* } A-wj2j Jflu>jJl (j j^-Uj Aj ^ 3 J jia-Ul 

. Lg-*L>tJ LU^Lo C ^ a ^.,1 t jljjVl AjJh ^3 ipJJL^oJl c Jlj_>cJl 'b! ^ji 
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Cjlxi-i jll jlj J 


^.la.1.1 JJ oLt^JaJ J^-Lp ( J-<*-*Jl lJul <j\ I tiJJjJ 

pj^lU S Jjcu Jl ip^Jl 

mm 

, JL^oI U5 ^1 J-^' 2000 y ^\ /JjVl ^ 

•« 

t ^j— ^ > f ^3 L«.^-**wO 4_1 t Lw^3 I {£> v »— --■...■ fl Lo j Lp 

•• 

oLi^-p J5 . libjfc 4^2 j ^^J l A^ojlSsJl iJL>JU jjaII c-5^ 

t 4-3 ^Lt^-U L*jIj Ll^o ^Jjk ^Lj ^ aJs! AaJaJI 4j»xJ-^A<>J wbwL>tlll^ 

. ^-s^l JJ lj-.*vJ tw^..*.«,^.'l J 

^wLsI cjU^-l*u> ^_LJ i-wwoL o j^>j iJjL>*-* j t 1944 <Cw^ ^is 

t V2j VI jl> ^ i>^LJ! cjiSlJLiJl jL jaJ ^Jlp ^LjSlI Jlp>Jl 

«4 

4jlJl>isJ ^J-JaJ| oU^UlSl C^pUg.^Ail Lwo l^^oJb jjlS'lj Jj to j-aJl* oJlS " J 

*1 j^-^L jyS t— >1 jp>«J J t Lg-ol 0 j5sj ^j-P OJ-ol J OI*-<L>t^ 0 O-SL JA3 ^ iilJUl 

. 4 W »/?L>«J <j»-UJ AJo nXo 4Aj ^*J l 4 -p-cjjLJI 

jp> Jj>-I j-SLa> j*J tcJLs^jNl 43j-o~o tJlJljLo t t > j>t Jl *L^JLj! JL*_»j 

VL L^LxkJo 4j& JL^_^Jl oUU^Jl A* S^Ul _ iJLJLS ili Nl -^Ul _ ^Ul 

jl^o^/L ol5 L*jj • Ap^j^AaII jjjJ 4jo ta L<>J yA>c^oJ 1 

L^_j ^jJpLwJI Lo! ^ .iSbwA <Jj-Loj Ll& J y^A ^aSL> <Jlj-ol y 

N yyL^Aj\ 1*15 j C->*X«3 V2 j VI t_Aj|jJi J^^aj jUaj jLoJlS! 

wll! ^iall ijlS" ^ jJl jjjj OA« Ja^j o jy-*P <3 0} . 1^2?-*>Lv^1 J^ 

. I^IjlaI OoUl tl^ £i\ j^Jl 


Lojj^JJ L»UJ 15 jJlo Adolff Hitler jisjt * i3 j*\ jl olijLLdi ^ j 

ui 

J* ° LjwJLwJl^ Ljs^ww^j>cJ ! 4 »<a>- jA»j aJJ L^_j j^j o!*S" ! ^JL>cJl 

** •* 

j» 15 jJ! 2Ui J>d J* ^ ^*>^' ^U! j 


# 

y i&Uj <.<y- yj til jjJl j j£s ^La>- 1 j»Uaj I welfare state i*li jJl iljjs (^) 

(k_jj^»Jl) . L& j^j 4jLp jJlj jj y* y> t ip y}\ 
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dJUi (l)LS"j . if*-) jr*/^ U 4 .y3.i 2 . >ti>i (J^LLo^ yblLo *»— 4- ^ . > b^>J 1 

** > 

jl IJuS'Uj 4 Jl>-Ij jlSL oUlsVl 4— ■’J-C'l 3j jl>«J ojiap- 

J->- ( _ jr U *1 jiiJl j *L^pSM y W«j>> J-*-^'-; J-* O-SL 

AjJjJ jjNl J Lujl^Jl oLJbfJl ^ <4 jJLjJl) lilSc^l frlyp-'ii ^wslj 4 f-\ 

. M 2J\^ ^Jlj iLSI _^jl J 

“the Globe l ^53 1 » jy-b ( ^J 3^ 

- ** > 

** *♦ * ^ ^ *7 ♦ * f 

C j j-^_LJ| £j\ j-o-J 4-3 (1)1 Laj C-A_*L-0 Ji 

oLoL^l <J y- LjUl^Llo y j->o _ Ulj _ US' LaL^-j jl^Ul ciiJ^ y . 

e J l a _i jLy 1 ill? C-JLSj . p j-^.JJ Oj-JC-gJl <Lp ij ^y M 4_> jJa_» 

L jJlL I*!* cjLi; ' 4 ^ilyJl ^ Jul5 4 ^JlL‘I Ji U^Jl 

♦* 

4 Uijj 4^w«^Lo~oJ (1)L^» L^-w*l1 ^0 

J\ j2>^ <l!^wv»J ol y£L^--> L-*-» ^^-Lo-p \~4 m y v — +-*•*<& I a-^-Lp aJl>-j^o lLLL> 4d— >LSj 

** 

. altitude sickness c->UiJ yj\ 

Lo \ ytS ^ 4 y^-LoJl ^3 yAd**< jU?J 4 o-Jiy 

«♦ 

1 ^ f 

^*^0 4. ^Jb > 4 ^ I ^ J 0^ d.rfjL^cJl L*LoL^J ld^^Lv*J 0^^" 

^I^jl j Ja-^ jJl IJla JJL« j . I^JlpL^J lo IJ lo^j jl5 4 Jamaica 1 >jUU- 

I pj L>o UL^-I 4»j| ^ U^o (jl ^y l)j-^j 

Lo J5* jl LjU- iSjJJ blLSLSj 4 j*JU oJlj U ^-wJ 

^ v; 

L -C I ^_y 4j«»o ^5 jj^ ^ f-1 ^1 j L^-w>-b <LL>3 CIl 5 (1)1^ — 

*• 

^ 2 P fr * P 

. oJlpLaJI ^yp ^^L^CoijI wX_>- l^h »-L>e_) /^jLLaILo I jLajI * /t-pVi 


4 A U ~- a ^ t y j oh iy y^ t KNotting Hill jj g ■■■ a 1 1 jt-LolJI jl 

ujj-> ^ jy^* ^ £ ■>«■* L^i 21^ J>,1,i 

LJUi^l J^LJi yjfcS jlij . j y . Jl ^ SsA j yz^J> jl^l ^jlp y Portobello Road 
•• •• ^ ** 

j y^j <ji JUl^-IS’ I Jl>- C.-.V.J L* o'^Lls’-'^I yU t « ISL-all » lZjJo- Js LiJi Oj£L> j! 

^ > 

• ^ ft *>1 ■ ^ ** I' ^ 1 l-a 1 I ^ W . .. a j^^sJ I 


<*) 
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oUaS^il jljj 


^ AjLi^lj^ 5 ^JLS" CjIjIwLj Ul j ^jjLjLo** Ljljj *\jl£ C J±«JL) j 

bl * ,-^Jl /*-** 9 , b 1 . u A . -ww<»*J Jli U5, CS-^UJI a <L*JL<bb /C*^Lo C-^jLS" 


jl *j-<Jl £-^j ^ • J-*- |WW Q>> ju l^j csojiiJij 


♦* 


L<v..^.^ Ijl> bl t b$-^i bjLSol bob bl bo^j_j bb>dj >- j 

+* 

noncommutative A-dbLJVUl b^JU^JL ^pju L> j M o j la > Ja_>^JL 

.atomized «lb>ji» jLSbojJ) A-b j^-bj a-^Jll^JI ^ J ^ geometry 

♦♦ 

b^l) Ib^jlj ^Jw^^JlJl lb& <L~> 1 a L^g-g ^9 jjjJiW 4 b ^ j>- 4^*»|j,i ^5 Uwwvw4-*jli 

♦* ** 

& ^ * «i p 

cIjLw^_>- ^*>lJLo J^ip Ij-JlS" 0>- (J JjJj ^bJl P- j) 1 1 bl UoLL« Abjfc *Xa A>t-Jb 

aJUJ! obS ^Jl aJU- Lol . iobipl jS* y*l jJi! ^ycj jl J^>4 V *Lball 

** 

(bJa 0 j j-v? V * j-b. J I bb (IJl>- 0 ^JwaJl Ab>~ jbl Jl j-UVl L$0 tJbj- 

a^p^ ^ <bL j dib col j_>bJl c 3 ji jbJL 4 jI Jj continuum J^a^« 

H 

^ ^ 3 

wL^lxj bbbj*)0l CabbbuJl ^9 * jbJ I AP ^»w*> jl b.-L>-^ jjJ I 

Aj jJiJ j->-l b«„.,)a> bjjlS I J^Jfcj . Ijj>- bSL*Jl C^bj> jJl JJP- JpL^oj bj-Ul b$^ 

. 0 AP ^wvJl 

b j^Jl j*b-^ br° c Oj-^Lw ^ 3 jiaj 4 ^ di} Ld ^5b Cblb 

^ I ap VI b->o ^.9 b. ^ . p- j *b 1 1 ap j-*» j^jkj ^bLSJl 

LL*JL*d Jbj t ^J-^9 £-/<> AJL?»- C^bJl ^_<jJ>Jl ^3 b>-$" 

c * y,b\\ ap j+si J$ oVJlJ olJu-V a^ ji> Hot Big Bang jb>Jl ^ : la*Jl jb^-ijVL 

Ow«bJ Ji aU J l bjbbJl bl \j^j>~j tb j^Jl ®^Vj aIzpJ obxjL buj b>^j b[j 

jb 4 aJIjo jj jl t la,*,*) j^cbl b ^bJl u^liUa bl ^ *-^-J lb&^ c j^S^lb jbS”! I^-Jjl j^*“ 

** 

b^-lp ^L^JLpVI 5 jr^slia d--'j>wX->- jbUl wL>- b^i ^bj^V I ob_*/?lj^ . b^Ljl 0 *-*-d->jl 

^| lj\y~ U 3 VLJI oJl>t^l pb . ^ J^ajl APj-w- ^9 ^Jl 

(Jl^blwtj A j ^ 1 I 0 AP j-*- - b^i b_v 2 -L>“ IwL^-A^ . b ^bsJl ^S> jsS> I 4ja_^>t_^ 

** »* 

.IjU- jy ^ Jj tbs ol5 jj5ai <!b N C jjSai 
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PJ II ^C^xu |j<o ^ t 


* > 


e- " 


4 O^HJ cSLr^ <y Owo^Jt <Lj j-p 4-L-y ciLli *}L 

** *• •» ^ 

I ^1 a>- jiAj LL^ -Ljj *^1 4 y-L*£"L*^ y*-&l>«ji ys> L-ws^®^ 

*• 

v • L ^ A-o^S* Jg l y . w* I yl^ ^A-sL&ly) y^l L^o j^^- 1 J-*^rl 

y U>JI A*^L*j>-j yA-**-^ I aIL L^p I o^L^i y^ I jL^oj ^ Jlp |Jl& 

#* 

^ ySL pii <• aS' yw> SL-L jl^J yLy~u j c^5 Li jL>- jlLl yj . «^y jJ|» 

5JUiJl aJJIj-o t quantum cosmology y> j_*JnJ| j j^JJl ^Jl*j Lly yl_p Jl?4 

. L*^-y> Ly y L jii^j j ^5jl j*-Ip ^ a~« j^5Ul 

J^aJIj jlva^Jl ^ l$jf <0 y U <Jl$J ^]| LL2 > ■_£ J 

J- 5 J-~ Lo-|J J-! - jr* S/I ^ ^ N _ 

*♦ *4 

^y *L*-Lp j yj j-L_> jLjl P'L^.Lp ya a L ? . 1 . ^ .- > b^o ciUol ^ o> LlJLL LI 
*lL*j>Jl o y*-Jl dihi ^ Ay L-g LSI jl UUjlaI dJUS yL ^J *^LH , j . dJUi5 

CjJ C-<Jj<J ^yjl j~s- . jlj^ Llj^j «0 jisJl* (^y^-L 4 a£~j ik Z y> l \^~^> 

jU! J^y d^»>- [^Uyi I] SJ^CuJl j^Sl ^ jj* lil dLl _yb U^O 

illiiJlj j^SGl p_U 5Jj?U« ylJ Si*>U LgJl . U-^-d5 j* jLic- 

<y fjd t/ ^ oUxL^, 

0j5Ll j^_Lp y aSoLlJI A3t>UJl o jjfc Andrei Linde oJluJ 4jjJJI j ai j 

y^ • <y-^j ^Lp j-SL jj ajJL>^ ojL*ju»L a-^ j^SLI AJlijJl j 

y^?Lp y y; . g L ? ^ yo Jajy JLLi jLki JL?- <^LijN -LLj^ O-^j yyi j-Jl 

• ys y» {jLL'yi c— Ijjj . Ay yLl LjjjL 

> 

y Cj y>-l yJl oL1^_p jl yJ ^L-^l ® j-^-p yj 

^ «* 

• ^-UJl yL L a^J jlj t Ag^^wg y> cLl5 Ju-jJl 

jlp^J c LyJ j^Jl yjy^ yLw, b:l5 aL>J| Ag^j ^UjJI y£S 

Ayia^Jl AdigJl a^L> c ^J| cJlS” j . J-*-*Jl J yi»-Vl iyjs]\ ^Lol U 
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oU£jJ.I ^Ijj 



.Lee Smolin ^ j* <<■ 


d\S US' Jb-lj U^ > jUUJl JxJl jl Jill lili : XOj jl jJl I JL» *1 jj 

^Jp <J j^ ., a >vJJ <w? jj bJJj OjLS L JL J I j J lijj i iaJaSwJl U j_a 

1 *• 

• J 1 -^' U* ^ 0^ 

^ a^o^^SISI aJULiSIj Oj-SsJI Law^ Uj j-*-*-* j-& diJJiS" 

. L_^lj^Jl Ij-ojI . . ULj»“I £j2j Jj23 dJlh <■ <lr^ J-^ 2 -^ ^S" LoJuU j Cl 

J^l jJ o^lJL ,oJU J ku 

' ♦* ** 

oLj-iajj o AP j_~ J l Aj jJaj J aJLL>- jl ^J_*Jl3 £ y y - ^ I 

*u^s aJUiII aj jJa_j c— J->-l ^4 j LxJ o Ool5 oj aJULlII 

. Lee Smolin <u^l j c loop quantum gravity aJiL>J| 

** 

LOa« <. Jj iUUS 1999 O 0>- J JU^I U1S Jl (J) JUU 

jlS OwXlS ^ jlS U-Up j . o fc >UaJlj i j^JliuJl yA lyS AjIIsj 

j-*j) A^lSCa ^3 jlS” Lo IjiUj ^JfctUl ^3 aJL^pI -t lq«-a C aJjOww<3 0 Lx^^* 

*» ♦* .« I 

^JLJJl ol y*» ^4 ? ! J-^-9 c$C-!l j^-^/2-ll oli a^I .✓? ^ ll ^2 
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juTi 11 4_C J_UJ I 


. AwJ ^>cJ *Xwd k- IJ14J j . VSL bjai '^a ^1 Qwail ^Jl il^LJl 

jyf^lj «-_^s^1! s __ r j*JU-ll ip Jl *ij^> ( _ 5 ^- j-“^l L5 i '-! ((_^) ij^i. (3 

} f. pi ^ } 

0^-> <*J jr4“-*'J jl Jj N J . U J^>^ <y=rj k>- J-*-Aj j*- 4 j-U-f- 

I *♦ •» 

wL^LlJlj Ui 0 jJJl ^J-P oU-^-L«-<»Jl 1 AP- 0 

ip ^ 6 ^-s j-jj-j-T J-i t(Lf— >L«! ^1p LJ^ Lul ^y> J-Sljl 

Vj^Jl 5JUiJl oL^kJ ^ iJp iiUaJl ^JLp SJlw«-J| ^^aJi 
c LJUajt ^ Giovanni Amelino-Cameiia Lists' - j-y>- : (*4^* 

•* %♦ 1 

^ j_SLJj t IjcJ j_j ^6 j-j j-i^lj Kowalski-Gilkman 6L<^S6LJ? - lJ SL~J)\ y $ j 

* •* ** 

Uj^^pj Subir Sarkar j 5 jL» ^oj-^ j Nikos Mavromatos y> yL* j ^iU 

M 

* 0 ^vXuJl ip j^*Jl jUl <^il <J j^t ojiU*- 6lSj . ( J) ^ * j^iU 

** «* 

cj! ^J wwvJl aj ^)_p a*-* aJULL]! c^L»jJi-> j> ^3 

ob t ^^>-^11 iiixiii *Lo6p ^Ja^LoJ . iJUi 

ja\j^ ^j,h«A> A~o jv-o-SiH aILaI)! ^vJ^o 61 t ^ AjLo \ )* J ais 4jb^Jaj 

^ p , 

^<^vo LoJJjP I (J^balj O^j ♦ l ^ -il 61 J ^3 i > yo 

U j-J>L IaSLa j . jL^^U 5 L 15 ^w2j 61 di-^> j6 a^o aJUuH 61 

. I *j* 

4-^3 ilLfljJl 61 6-<6-P ya ^jlial" \jsj>- A Ifl. * ■ v i* i~j> ^^JLp LLp J^JjI 

I Jl* ^ ol^>Jl J£) (ijU- J tS^Jl oJl* U£J . SJbJa- j\ J*\ J JL Ijjj 

** 

. a 6L>61 jlj'b/l oJub j m y* jj l^t-*/?l y _ c 61 >-^-o*-ll 

illiiU jLjI j%J aJI j-*»j c ^4^-aJI Aj>-j (6^ Nl j-?u 

i^Lw - y LJU UjJl Jj? oliUaJl ^jJl>- A^^XJI 

•# 

* tf <, 

6? ci^l 6L^»jJt ^»J6-u jllp j\ accelerators oLp^^JI 
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oLxii_>il jljJ 


jiSfi jp ^ U.UI o~Ji J) ijOidt auiii (Si uIp ,Liz y bin^. 

*♦ •* 

•cA^' ‘jjCU J-JJ ji' 1 *’ V J 

- - * 

^0 oJj Jj>Jl jtTVl Jw2J -L>- 4 UXP wL^>“jJl Us<?I ^ 13 1 bU UlgJ J 

Jjj . 4*U^-a 4 X>Oj l it j^»tU OwL*j (ioL^jJt i^ j^SJl illitJl AjjJilj (jJuCu 

; isLU oJu 

Planck length (Lp) ciL% J Ja ^Ju jj» jl JlJLj . Ep ^ y Nl 

cM V>^' j-fr^ 0 O! ti^Jl jlAio Jl 
i to jJL, \ jjA J, . ^JiJl J *UiJJ a£LlJ\ i^JaJl ijU. Jp \y\i 
. s^jJj>JI ^jLuJI o!a J-l JgwU J| Planck time (tp) jJljjlj jUjj 


S-b.b»Jl «jLJI jJL>«^J Nj t Planck energy (Ep) jl) jL 


j\ Lp jl Ep ^y Jl i yj- o-Ulj _ UIj J _ Jj J Ul iLJ^Jlj 

oLw*sJl L^__iU>- -La-1 ^Jp oLw>«Jl Oj-^j 4 _jlp ■ij-?- j Lw«jJij jlS 1_4 “ i ys . tp 

o* ^ LJIp J^-k> J-Nl LfJU- Jp J^l j tLjti oilotJl 

• 45tS^ l ^ * * ial I ( c ^ xyfT 4JL4JI 4^9 

Newtonian 5JJ <pU$ Jl J ol*Jl a-_^ w jJU> * UUj Slv. * |JLa j 

♦* 

iJltfi]! <i*Ja cJlS tJJUJljj . Ij^>- <upUs> iJlaiJl <j y J Ul> gravity 

ol O' <y O'— Jh*^ <lM * A d*^ .-OS'IJIj IjLo ot wL> *^\-3 4^o ^^SsJl 

jIjS/ L> LoJo ^ \j l jJl> <Jjt ^3 oJjL*Ji oL j-jgjJl ( j-p oJ-LoJLo ^-V^J 

jl tljj>- 4JUJI olilkJl ojp Vcu :4JLti^N! Jl y>^\ ^ Nl o^iJl 5 jljJl>J! 

*+ 

4 p. 

. I Jj>- 6j^2Ji]\ j i»3 

il^y * y^. <J y ^ Lv^bj 1^-3 Uap-'i/ lii 

U A <v lg a i)jSLi ol 4 Lp J-^I 5 j-^Jl . J j-4j>J| ^3 

Oj-dJl] ^J-IaJ3 bS/l Ul . 4^^_<>^SvJ I JUJl C^IJ-UjrJo 0 jjUo jJL bl 4^JoJ 

(Sy J^LUJbj . fr j U? I l ip ^^ jIoJ ip I 4J3U5 4-^3jjjs UlJj jS [Sj^^joJI 

•% 

^ 3 J>\ 



p. .All (j-° fy-mi 
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v-Jl oljjJyO Uij 55 y>Jl sUuJl ^ 

•4 


jlkJ LlJ^cJlS’ % .i^UJli. 

tf 

tLp j-*-v?l ^J. OwaliJ Jij ^ 5 ^' fi yM' iSy ^ C V^ ^J^-! 

T> 

vJ^jl j l ^i l LLjj jS ji J 4 A^^-dl 1 1 Ul 1 AjLs^° l'-$- J l 

iJlilil LgJuj>tj jlS ji^l od y>- <^L ^dll jl c1j»> Jij S jJLJl dll 

. A-wO 

III, jl aLU; U J 5 jl dJu> ULS UjUl 5 ^Ji oJd UJ ^ 

** j | 

^jjJLs^ijJI ojJj-sA? jl 4 . I ^ ««» tf * IjiaU ^ 

tf 6. 

^ll>c aJL>- id j j 5 o jl V J-J>- jll oLIl^a Jyl J-A 1 ^ *«*Aj Aj jUJ 

4 J^lj cl? jJ AjLd>e-d C^LjJaj <jLfeA^*xl L*-« Lj-jJJJ^J ^jUJl Wc * 3 

cJd lilj . aI^JI Lu* £* ^ ■, <■ Aj 1 ^ Jo * j^ylJ h\jk[ i aii dJJIi 

,i]>o N £>U5! Olj iiy»^ l^l UOj>> ^ Up- «L-J 55^' 

Lj* L^-fi 4^^4 -aJ Jy jl? ^jLiJlj Li-Jjj5 jl x>*-i <Sy^ ty'j 

. i^oj^ijl lull j AjjJull lull Ju^UJl Jj>JI jl^ jld> jIjcu 

IjlJLUII lull a^iaJI jJall ^laU, ilU~* oli jlH 

a*J *>do cJu^iH ISli . dl jl jUy jl dl jl aSH, jl dl jl JjJa> l>»j^5llj 

*lyUll Jlp ^ oli jUl ^dl ^ J' 1 ' olilkJl 

» > •» •* 

^ . _- .l l y* 11 a J tLJlp S^5 55>,xJl oU^JJJ 01 yL*J y>0 j E = mc 2 
yu^< 0 j j^Jj. ^OtaJl ^ji OJJOJ . (■j^ai I 5p ^ (Jji e, ( _y*’ <J >1 jA*j 

LJlJ jj5" jli dJUi • Ep j-° Aisll j'b/ 4 Ij-Ull 

4 L^-Jl a^jJL) aS j->“ aJU- oljJ j j _y^J^I j 

oJla jl ^1 ^y ^xil E = me 2 ! aS jUll LJdj jd dUi . Aid j-dl j 

*4 

Jjii 1 5515 A)5 jj 5 C-5y*»j lilj -5^5 5ili? jjl J^sX^o o^5^!l “0501 

5Ji00l jUNL ^ ^50^ 0 j j^JNl 01 Ep y» j^51 5ilk» Oj <5 y 

.^oiSL; iyrj jy ^5- . Vjo50l 
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p ^ * p 

Alol Jb o ^JLS" j ^ Juo J^Lp C^I-SjIjLoJI OwAjSs Ij 1 j) Lw^jIAj 

^ «♦ 

^jl~* ^yfcU-A ^ L y> J *]\ li^J *~*£j*j LIS’ j .2001 ^Lj/^yliSl JjjLS’ ^ 
♦* *• ** •• 

"■' p 

j_4 jLS j . Holland Park ^jLj JlU j_£ aJLJl>- jl South Kensington ^ 
oLU oUjli<Jl oJufc ^ is^UJl aL~jJ! jl 

Lg-*^J>- j tE=mc 2 iS^LaJl jl ^-ojJl ^-Wj j\ JjJaJl Lu Zij jAa jUl 

A^^ La _4 4 i U^J 1 A-^Xws^l^ t-)L^- 4 ^ ^-^S-O A.«. J? L>cJ 1 A-ww*hs»-^-LJ Li ^ 1 j ^ a-a - ) 

oxj .5JbJL>Jl Oj^ll UiLdl j\H\ ^1*^1 oj^lij c ^ilS* >J 

jLlxJ'yi ^Jl LftjUli t j-iiij LULLS' j La aJUi!! 

. <w? L>Jl U j ^olSC*Jl pb>-j 


aJUxJI a 5 LoL^u L ^ ^jju UlSLoL o jZ* : a^ jlft I oJtf 

** i ♦• 

. i^UJl 0~~Jl y* Ji idl Sf J Lw-jJL 0L5 4 1 .gJoc^Js? C^oLS" Lo-g- 4 A~a j-xi-S\J 

*♦ 

X»- y£j! vj^ 1 ol J oUildl yo Ji£ 01 j 

•* 

JJ <ul bjj dJJjJ . C*UJ! LL^JU J» >JI y* Uj kiU 0 jSO L ; 

jL 4 -~jJI JwL^»j jl ,J^ri J {J* 

p p ^ £■ - 

j! L P Or 4 0^- ^ • L *r^- A ~ ij >*’ l P-> L PJ E P0-* 

*+ 

Ahs yS\ oLi~~*Jl JwU J Ujjj . Lp y-sA>l yJl 55 y>Jl Jjot; (ysiOo 
0 _>S0Jl JJU J ^ J ijsu* 131 U C iiu J 0 jSj Uxp 

i t - 

Ep ~Xxp ji . ooL»-A^w>eJl a5 j>- a p j-oj c^oLS Lo.^-4 L^JL>- v^1_p AillaJl S-. - i-.A J E P Or 4 

liik. oUiOi cJu 0 oij C O^UJ! 0~^JI 30T ^iJ jZ 01 1' N (Lp j\) 

. Lfliku ^ OIL" . JjtiJL 

•• 

0 ^li jJl ®J^L-^ OwL) ^Xj>- Aj j la ; ^Unjl ^3 1 ijj>Jt 

%4 

p tf ^ p ** p 

^^ 231 jjLw^ aJl«j 2 j LM UL^p Lo L)^ t L>s-m? 1 j (h - -, L^ j ^ . *^10 L., 1,13 a ^». 11 

p # p ^ ^ ^ 

c L»2j L<kj Lo 1 j U5 c a*^? L>J I A^xwwv«_<d 1 j * Ai> j2 L>J 1 a-^-aa^xJ i ^-4 Lo-^w^ 

JlS j . * J J?J I AP j+a 0L0 Ij t a 5 jJ>tJI 


J L<i— Awt.^^ l C i-A^ 


oi 


1 JLwO 
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Pj) iS\ II AC^-juu ^^juu\ 


J-LP (j^wLv^l jJl wL43 ^ aS jJ>z Jl A-m-w J Js?lJL^I ^3 Uj-iJ (J ^L>- JL>-I 

j Jw S ^ j>cj t Allla xjl ^ ^ jJ>cJ jwUi l*A>~ aJL*J| AP ^Jl C-jL jJU^vP 

jlS* £jlj-<Jl ol JJ>-I L-LJ jjS lijJJ jl Ji tether wind aj^JVI ^Ljl j-* 

. Abl& *jJUJ ^ <ii cJlS* ^JJl oi jJI J LSL- 

j-Aj !^->- v )/l ^-v^ljJl JjJ-JL> JJ>-^ll ljjj-i iJl t ^w^l j <JLoJL?-I Ijla 

J-LP p j -/? I l AP jr-^ oLj i»JL£' o j_$L$ (J j-^3 ^3 ,j-SLJ j c A$* j_>*J| <U_^J pljAJLvj 
pj-^j?U o j^ijujl AP j-*-sJl A> JLj jjLflj dU jjj . I Jj>- <LJL*Jl AiUaJl lIjL jJLwwO 

. bjLLs bvo j^ 9 

Lp oLp i A^?L>iJ| A^-^jJl ^J_P jtadjcJl ^j-a ^j^Vl JL>cJl <JL>oLjj 

p 

Lorentz transformations j J ojL^J JaJ Jlp ^j^li L^-^gl 

oJj J->- j^-Lp L^i LwLv2j>~ t LJ A>cLo^o aj ^ j>tj dUL o*->LS^ . liij ^ 

++ 

* <* f. 

nonlinear transformations AJa->-j>Ul ot>bj^Jl ^ i i ~* i ■ 'V i ^ '*» J i J U ur*j) 'AA-*- 3 j45' 

** 

. L o . A«UJl j A^UJl A~~Jl (jl^^Vl jw\J A^>J>t~*JwP A^dJ C3 ^Jl ^^3 l^t^l 

(. * z f. 2 a» 

ttp j\ Lp 'JJ* Lo Jil L<dd Aj j ^ Jil jUjJl j l Ujg j 

aJULlSI Js^LiJl Jj>Jl ^y* LjI jZj*\ ^3 jsS li j*S I p j y3 H ajp^^j oLS" j 

> w 

ap ^ J^>Jl IJla .quantum o j^^Jl aJLa1]| j classical a>JlJlaJ| 

obj-^lj) (j^-^p^l ^iljwL^wl jLSjij/L jjJjjp o t aJL^j V ca>w?I jj ^ p j^J l 

tpj l p - 1 >* \ Jj>*Ij Yj-d Jb# cApLp ojj^aj t 

Lft j . v^Jl ilUillj AjJiiJl AlUiil Jl U Jp ^ Jl jL C. : ^ 

. JU^Jl aJ N jA^?lj Iji>- bi JaJ o^j 

. ^ . . rv P ^ P 

ljy>j ^Jl E = mc jvb^Jul iitAc- o-~<i JLi j 

♦♦ 

J L^-j Jaj Jp J^«Jl jjp jj^-JJl ^p dJLlLjJl N ^^uJbc?- 

** •♦ M 

li-* ^ c_pU 5 J oLjL JJ l^U, Li J- IJla LlL^-p J jl ^ j . Lxj JaJ 
cLA>^-s^>JCwij I ^ t ewLjiA>tJl Ljo jhj Ll&L& dJUlol ?"• ^j| Nl t ^^jJl 

: W'i 1 
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CjLaijjIl j\jJ 


E = 


mcr 


1 *T 


me" 


aSLL JlLP C f- j-viJi AP AJoLlII A_xiw^jjJl 1 J_A C 

Jy! 4 ^LJLjI Ai*)\p aLI— (JLoj>- O— ~J L^jL ( ^a/SAp^a 

j^iJl 4,-U~J oL^LjJl oll-L-t ^ ?cr A olji c^5 lil dL! 

♦* 

1)1 Ja>tJb J3 4 A4jli AP o LJwOj j-S* £-x>3 ! A?*)!*^ ©*La ^3 0 jjL A— ^£>l>- 

tal Li-3 L^w\— xjJ aJjlxII ap ^5 LS'Lw^ Lj j^SlM 

^ jj> Jj> LLJj jS 0 1 E — me 2 ! oLjcJl aJ*> 1*_U Lii j I*Laj . a-»L-o ap^— u 

♦* 

J& N 1*1 ^ ^1 J-^J dll-Lj t Ep ^ ^1 jSUa* ojj&y 

.Ojj&y I dUS <cS **») v>^' ^1 \Jk UJ r *>UJl *. 


4^wv^U owLx^o J m (1)1 !5 JuJl>JI LiAw? ^3 dULS J 

d)i J^L; oL Aj j>- oU?L jJl ^3 A— »L-*/l A3 <1)1 j-~P 4 A-^?L>cj LJ— aJL>- 
^ ♦* 

dJJJuj . Ep ja jS\ j ol \Ju) jZUj V (l^SjU E d)j y£3)/l a5Us> 

. j jj&y\ dUi j ijy&\ .ysuji 4 jUi v u ? jijJi 

** •* ** 

LS” ^^JIp 1)^ 4 o^jLJl ^ 3 ^>eJl a— 2j>- *Lul ^3 ajI j-S^jJ ( 31 —— Jl IJ-a 

«• «♦ 

^1 jjLJ ji <. S J^>J^r <y i U-^ J-^ jLr* 4 L 5 ^-^ 

Jiij . a-1?L>c_j ISL V I j^Ip diiJ^ j Ja : j ^ Adj-SL— L^ jLa— Jsl> 

^ j . Edward Teller ^JLJ ?u* ^ ^ yt <jI ^jy 

— w ^ ♦* •* 

^ ^ ^ j! p 

Jl5 j jJLJ (^Ij LjJCP A^JaP aJLjo oJl5 Lj J-lJj . jJc-iJl 4 —a la.tf ]l o!j3L>“I 

JJLui J.O, j>^' 01 jZ+j jd\ iSLkJl «L*S uL>u jj^l U 


• i^~~: 


JaLLoJl c^JslaSI 


c^pL (j~°j . oJla L-oLl ^3 aSL>«— Jl# J— 5*LJL jJlJ C- 43 I oL_a 1)} 

#• 

yLL‘ iLJ jikd ji ^1 isUaJl U5 (J) JuJ^2i iUdJl 
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| o j J^\ £j> 1 j j . IfJl 1^1 W’l.P' otwaJJ Uij i~»y& 

^LxpL *1 p I Jl^UJl > )\ L» ^ jl 



^^5 ^JL p ^-liJ| ^ OjA>J illii accelerators CjLp^-^ jl 

j\ jJL jla-> _ o-*aJ^ iJuii jl j c Planck mass particles jJJjj ilxS oLJL-~^ 

lo - 1 1 i j ^^>tj _ jjj ^ lA . 1 L&3^ _ oA^_S” 4-i«s*s3 jl^ • 1 OiA-ft ^j-a “ . 

. I g aJU ^-^1 iLSLSl 4 J ^A-Jjij ^j jJ t- jL*- L& iiUaJl I, J UOJ 

** •* ^-_ - ♦♦ 

SilAJl JaAlJl I ^liliJl ?-*>LJl lJu J^> i~Uli jli <. j j^-l SjL-*jj 

Lip IIa Lis' jjJi; jjj^ £>L- Upli iwjU ^jLj 

jls) Iks' ^Sl oUkj- JU*z-l aJI>- J ilk \jJ o j& Jli AAl jl 

*% 

k^Jipl j . (oUji 5 j jU jl ^yjL*~jp jJjjAj <1x5 iL>-*A~w<Jl Ja£JI j jSo 

^ ^ ^ £r 

oL»Ji>- ^1 ^jjow\_>- \^j^~ ^-J^ix-a 1 I jLS' jl ^j-laJl 

*♦ 

, ( * ) sa*J U dUij ,{J) 

*• ♦* 

> 9 

j»J U 2001 k*« Jw> ^ jj-b- 4 jJa^j jjA H* ' J 'C- P A ol Lo 

C 4j^ol>cJl kip J? ^jjij! I ll ^~*l (^3) ^}pl-P kid . jL^Jl; ^j5si 

«* 

jJL»l JyLP ^AAp~I Ji v_iAP J Jj>- jlSj . oj^>5 Aj A^J l^J jli 

JwL> ^Jj 4 L^^>>l5jo ^^L>tAj jl C^ $ j w o j-aLrJU) jl Nl t <Uj>- jLi^Jl aJIj^jU 

. ^ -■ 1,0 ^ o j*** 1 ^ 




^ jl JLxj ( ^ ^ ^ a! ^ ^ ■* J JLyg3 A^j2^*^wv.j A_4_> l.,, ^?„ o j I ^->wj lAJb j! ^wJj 

C^Jl AaJ j . IjaS ^ Perimeter Institute (PI) j^j J-p-« j^J} JUaJMI j^U- 
* ^ ♦* 

>31 ' . ... . ojJu>- Pl -M-*-* l' j J> “ j' ^1 11* oLkJ'y ^1— III 

> 

^j23 . ajA-JLaaJI <Cw<>JL*Jl I ^j£* LoLoj I ^L^apI 

♦* 

** ^ ^ ^ ^ ^ 

t A->LJl53| oAjA-P J^LojI jl ^AA jL (JIj^>j y\ j cr^ 

♦♦ 


. LjlAo L 1^5” 1 4A3liji oAa oUxJi < j^Aj AJIm* Ep o ul JLaA jl ^ (^) 
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ft 


r* j£\ {j* *L iCL^NL aLsj J a-lJ j( PI 

* 

w l)I jwL?%-) 4_y>_L*J| <oL* 3 A3i oLj cLlta 

J^i cJ^ lo*Sj ♦ p - ^L P' j0_m2j 15^AStJl oOj-L>Ji COl jSUl CL-*!.iLo 

i^L-wJl j-p o*L*_> ^p j-^Sp J a ^ww^ j ^-LJl j*-L«Jl Op t^Max Perutz 
l > * $ ' 'j 4 ^pI«AjM! <_«-ftl j-^Jl iwjLsx-vsl i^~^" a j^ - a ~*lj c o^LibJl j jb>*JL]lj 

. u-» jlkJl JJ lJuj 4^UJl 


J5 PI J_«^J yuO ^ jyUJl yl Ml coLJLlJL; M yi ^oj 
oLisI yj^Jl k_ijj }LJJ j-fiaJ LgJl oL~^j^Jl oJLa Jl« <L^j>~ ‘ J_J jjJl 
^y3 ®i^jL>*-ajMI» ^^jill v2~*>- Mj 4 ^jJl oJjLwJI <>jl*«IaJI 4_*Jl*J| 
4 4_~~>«i j»-fK^»l jj5ijl.il eU*j jjjjbMl Oj5^ jl AjjtaMl oLj^ Jl 

4^J > 4-^-^T, l « . / ?. <J 1 ^>„ P ^ ^»Avl ol ^ j^Ju ^JJl ^Ul al>tj V 


^pjj^ <j i>-i>cj i c-i i la j i ajL^j ^p pi 

. JjIj^JI c$j^^ jioooM I lip 0->- *jj j-**# pjj C ^JwLa1j 2«11 JSl-^l J 


/»lio-l jlj-^>lj ^jj-U-SI JlJul JjJs ^yj OiS j, LJ fj>\ ^*Vl jJ»j jJ j 

JjL~~ 3 ^yi ,_yjljT c-jj-c- jl j-* Aij . <*J (*jj-l M LajU y> jLj^c-L) 

• ®>4^ 


2]Uj 4 l y Jjl ^ ijLy, L^i 2001 / J jLj ^ J 

9* 

~l*j iSLla ^1 oISj . Lij jiaJ jpp o I oUJLII _ Uij ^ — Low^ j 

0 

^S- (^J) OJ^ji W jy*S~^ ^jA jJL& ^^UJt jlj ^jA Jl^-I j 

c-^>- l^j ll jjjj^j ^ja /y^j Ji ol5 j . olo^-V L ) ^jLo> c c-jI ^. ja-yg^l JU- 

i ajlLJ <j| (^J) Ijuj iTribeca L^Lwo^J 4 J pUj^I j!J 

. I J^as>- Ip 'kjjpnj OJJj CJI5 j . j^dJl *ys Lift yj 0i]i5 pOj^ JJ 


4 (-iJj_<Jl (_£j^<0) ^jUajy pip ( _ 1914) ( j^J^J Julji y ^5" L« (#) 

(yjpOl) ^jlH 4^LLL>- 



f. j ) n - i || 4£.jux i 
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L <>“jj 4 ^LwjJl j 4j^»>«Jl J jbJ 4jL>- 2^1 

jJLo jA j 4 *Lj*iJl y C-o>-L>tJl U jj>*3 4 IajI j5o I^JLai 

. L*^j ^J lJ i2i]<-ij 4 O l g *,^ > Jl 

\ *• «♦ 

+ 

. Lip Jd>j I Jc>tj j>wa j <l)]l U ^ ^aLcJl <_Jl*J j-* 

^XaJI jUiol J+& ^^-Ip — L*L>- A^iLocJl <— 3^ o Jw^ o yS' 

, ( * ) u^ Luij dUi ois j*5 li^o^k; 

^1 ^ 4 py <>* ' J ^ j ' ^ Lr^ ^ 

«• v ** 

ya Ll*Jt y> Li L frj ? jil « jii>tJl» ajuJLpS ^1 4 jJLiU Nature 

V ^ H M •• 

itf j< . ^ . j# 

^ c Physical Review iL>e-a y* *>L>Ju ^ ^ili . iL>w<Jl oi-* 
Physical Review iL>^ ^L$il ^Jlp iw^L^iNl L^jMlio JjJlp-i ol^J Nature 

La L)N I j ^ L * 2 JJJb j . <Cw<Jlp U y>*-> y^J ooLp 1 ^->L 

* « 

^<Jl jj^jJl ^y» Lo-w^ Nj 4 <05 d-US ^o LSo^w^i 4 ( jIdb»«J! y> ^-LvaJl 
^ ^ i L)j^j-j j*-^j ^L*2aJi dLxJji 4 -jJ-^j ^JJI 4 ^^ajJIj ^IjjlpNIj 

x< " 

• (*■?** (*-fr! ^ (*-^ t/ (*-^"^ 

* 

1 Physical Review Letters il>*» y jJLJlS Ulia o-Li y*Vl <Ll$j ^ j 

«• •* 

U Ji * $-»ila • • (J-L V j SJj . Gjj i3-l JjJs oLJJl L> 

•• •* I 

.j^Jl illdilj f' jj </? 1 1 0 AjP ^j - 0 ^ L /?, <?««*< I 

. ^1 4jLp J-A IJla j 

1 ^ (Sli 4 4 ^Jl>JI ^UiJl jl jLjVl o^JiJ li^j 

i 4 j! j-^ • l-^ ^ ^ J y0 y&± <b| 4 ijjJajJl j-A Oj£j l)I AJ^a wLv2.4j 

✓ P P ^ ^ 

aj ij I <Lv^ o I La _ I^Lp^ <lJLj3-p vCi^L<>^$"L>t^o I^Ljl^I _ 


frL^aji]! N {aIS jj»xJl 5 j-oJO y~y *\~Jzb y ^ 31 *— oJl I i* y 111 jLj LI jS-iS 

(j 4 jwLJjii] 1 ^JLiLi yj J-s^Lill ul Ljj>*jj 

. 1 A-^jlxll <laiJl 6-L& JCS' LilL J-i^ . 4iliaJl il'y-b 


(%) 
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oUs^il jljj 


I LlJ 2^1 Lxi-o-p o y jAi frljj'yi ©JLfe ^3 . 

Lr**- Jj cs* ?VO* ^ ^'jL' ••*» jl~»-l ^ JU- ck» • 

i?-L>o y^->j t tajJLLo (JljL° — l~*lj olS^ L«-^» — 4j^>cjJl_j iwo j^SCJl ilLaiJ! ^j-o 

. aJI Cu 

*• f' ^ 

p- 1 ^' jf ^Js l_pM^I ^53 4 J*-*Jl l-i* < _ r AAy^ JjI ^Ji\ iJjJ . j *y \Jj>-\ (j! 

. ultra high-energy cosmic rays 4 SU 2 JI iL> ilj ^£J| ^1 SjLi^L 

oU^o j^l 2l>o- (oUy jy v jiJ) oL r > V & ^SU; 
jl>*£jl ^j-yy^ O’LwLo-P' ^ 1 ■ oL*Jl • l-t>- *LJ Lf- 

t* «* ^ 

( _}-£->*-• , LJ jL LgJ-a U p! oIjL?%jijI ^^l>- jl <. 4 _ajLaJ| c->I jl ^ 

2 ji ip- ^ 

-t->- ijj>-j J^a> oljluJl ol ^1 t L^JliUs JL>t< ojLio i /j./-»"~ 1 1 g g 'X 

. iJ £ Lit IaJlrj ^ N 5SlkU t ya5l 

o jSJl *Us ^ LflUiil ^ JjU iJ iwiVu : Ja~w c^-Jlj 

•• 

soft ill! I ol ^ jUl <.y»UJl ^jS3l £U-i)M (jAi oUjJy 

4-UU LgJli y j-SLl £l*JLSl j yjji, y ' L f~r A '^ o* ISi t photons 

(_j l^— l_J ^ I I I C j l j.. I ^*^/0 1 ._!_ A , I 

^ * 

aJ oju 4 (LULU 015 ^1) ^ ^iLl ^UUJI L>^ Oibjl UJl5j 

lilUJl ^yo y*~* Uj>- *\jj LUj . LULU ^5lj ^Jw^l j5!Jl ^LL'V! oL jJ ji 

^15o islU c->LjJ) jLJt ol y f'L.Ull oli jJj y LLxJ 

** ♦* 

1 M 

JUjLj . mesons ol jy<d\ i5>> 0 >_x_! ^ ^ ^ ^ ^ * ( j-« o^LJl 

iilis ^1 j^kiaJ iJiCftj . dj J~Jl ^J\ <cJUf i^'^yr t>j^' ^L*^iJl 

. C-^U^JkwL! J-J 4^P 

oJwA jjLxjo olilUj *>L_9 jL? jJ io ^SLl LcL ^ 1 o! 

HI !^_iJl > IjjI i.iLiP'i lU *w L IIaj 
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jJlJ U5 oU jJ j-iJl aSQ? ^Lwvj>“ jl JUJl ^3 j ^ Ja,J ^5 s-aiJI aIz^J ol 

«4 ^ 

Oi A^3b-<Jt ^y> yJjj . ^j-vjo jjJ o*>L jj>J ^J\ ry?r y\ f ^UJJJ 

3 ** 

0 Jl_A y** - > l ^ ^ • O^— J)J} * a C— A l— <-w^“ l_>x-J I K 1 ^ ■!* J> ix*ji ^ 

■ (IdJ j* <l)j >-!j» ALOIS' _ _^L>lj) Ulj C^) lol j L»> t Ail?U- ^l_^]' 

*♦ 

^J>-1 Uj JJ t A*wa-**m-awLJ Aj<J— s^* j b jsiS' i*J^1 o.A_A 

U J ji LaLUj ^ Jw^J>o ul Jw^j>^) J-Asj J*j2 - U o ^Jc^jl &S'J^\ Aj J&J 

M' J 

♦* 

Aj j iai (jL^a JuJL?xj Aj J-*. ( J^JJ (_£jl A j%— X jS-JI ^PJ tls - ^ *— ~-® 1 J-ij Lai 

*j . ( _ ? JjJl Lr iiJ! i.lji J cJl jU [+N t -k^JL Aj-kU S JJC^\ ^^Jl 

*• ** *4 •* 

6L - <j - jpX> j\ ]hj^. - ^ ‘ci^ -&** p^ 1 ‘-^3 J 

<l)j . j) y^JaA A_*J>“1 jA 0jjj^2j C AIjIj J} »/3 ^ ^ AP^*s»a# 

Jl (J Ul £-S j^JL>) a 5 y»Jl A___J £» ^jUOj oLjiaJl ei-Ss ^a2j<j 


f 


Sc- > 


«• 

Aj lLUJlS^ t j jJ j— *jV * J-v2-U 0 ^sXLoJl AP^aJI ^OjJsuS') 

oLpj-wj ol £ j~v£lSI (jt jj * (cjUj^s 

La^? ■> 1 i “jA J . ^ j jL y^ AJ ^*-A l ^ A Lj LS" ) AjjJjL>t^0 

^ «! 

t APj-*-*> ^3 L?c« a^j jJ j a^jISCo j J-o (J jy-i& jJJ jiaJl o JwA ^y sl*j 

; j^jJl ^3 oL j]aLS 4 ilj j_S” oLjjJajJl o j_ft 

.k*AySs Jl iJUiJI aJLwJ J jis^S LfvaAjj t^bj-vJl 

A_Ji?L>Jl C-A jJl oIajU? * cT^-r 3 tlr* ^i 0|j 

> . t ^ i ? 

^Ij^Jl jsLft ^ y>j ^Lj-ajL 

ip^ji j j*\ ^ oi 

N g-^J! Jlp Sil4-i AJJi o j5L oi Ja! . pJl aj^lU s ^ e^Jl 

. A>- ^J>t^Jl ^5l 
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si* I Jaj N _ <U?L«*J — Cl ^A (_£ y £jiijl IJlA t, " J 

0 =» f, 

y° oA o l o A dLi_Aj . dJJ AS L« t. g * - ♦ y« dtd dt t *— >1 yLp voL> jJfljJl 

> j 

4^-jxJl £jA» JJj pJj j»J Uj ^jU«iNl ^>ji!l ^iUJ 

t >1 >1 ^j-aU s _^ uJl yj . oki^Ji ^UJi JLp *Jjj l>i ot 

LjiJ UOU c^j^l jUlN' Li- il Aj-AJl <J,i »£J| 1 ^_jJ ON 

ajT j t ajUJ OLI Jjiiil 0 ^JJ iJlJoNi ysl jiaJl 0^ j-va^i j! Ojj c £.0 _yJl 

^Ul JjLo ^ UJ. jCl ^ fr> iJJ 5 ^JoJl 01 OJJi 

~ * 

^0>jl UJl oUaLL« ^3 J~j£ ^ ysj [O^a-] a\yr\ U-i JjJj 

Or 4 iSj*~\ 0 j-$dU ^JL>«Jl Jwo->o jJ j . dLta yJLp j-dL_* Jto 

. jlSCfljJl y * yh Ji APj~J ot yO Loo yJl oLylaJ cio 
•* *• 

«i^N ouk:» J£0 ON I ^ Oil LJuil ^^xJL JsLjjNl I 1 a 01 

^ f-yJiM o aj jJaj j ^LJl ^50 t postdictions 

** *•**•#* 

> 

A-J_pli jd5l jJL-l i*J j . predictions AyildJt otj-doU J jVl ^ULjl 

AjjP^dt J^Jj-Uj y 0 wLjO>- 4 j>Oo yjo y^ yd^dddl 

diy dJLv» ^ yjLaj jjL> dj->* djL*jJL> cOojj>-l jLl^V! ldj*> ^yj * A-Jo_*Jt 

<* p. Sp ^ 

o cUJI UJ 01 ,^U LUi oJjJlp UUol ys Havard Sandvik 

♦* 

c^yiSl y ysloJl y?l y I jl *0?l y^Jl >» yxJt y LoJ yJl <uiJaJl Jp ^la>Jt yo 

*♦ ♦♦ ' «* M 

# .. S ^ C- <* (■ i ) 

\jJ j-y) jJ Aj>t-Ojl 0 j-A JU^ j d} . I a^.jI 4jjio>K-a d dt Jd N 4 f-t^ 

jJ l,lg-> ^y<L«_! dt LsAjt L)d»>-^ f- o ^-*-kO>dt <LP ^>wvdt Aj j, 3 ^O'JU 1 j-dLo 
dt c^d-^t jJU 15 lO-^J o^^do>fed otjjUo LjO?- j*Ji\} o j^ioJl A_P j^-dt 

Ldp (STEP ^j-P Jj) aj y^s-j coSdd L»->jj . Jo>-tj dt jO ^L^-'b/t 

A_Jj ^Jl UJl ol jlkj jy*Z I oL jiaJl oIa ^y> 

** 

> „ 

Aj j.>sjJt di-L AlP jj UO L« diU j- s-*^2j jJaQj U| . f- ^*/2jt AP j^ yjl ^ 4 Oj^jCLo 
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ft J ' — ■ ^ ( >-Q ^ j m 1 


y»l ^ l^Lilj) tfUJl & yUJl v ^Jl jij 

oL^iaJl ^ ^L*s}\ p (bj^bbJl 

•* •♦ *4 ** 

^JjOo y >- 1 o wlj j&\ i^\ bi-US" dobjiaJl o *L a j^CSj ^ . * y*& li 4P 

4 wL)_b>- j-JJ J^-1p 0 -*Jj UJlS' jt j . UjT dJJ <u ^ 5i JJl E — me 2 iibb*Jl 

•• ** 

JL* SjJjJl p-frj ^2-jJl ^ i2^J! ^1 c~*jL« 

iiii jUI (j-Li ^Jl J~— M olj t ^jj^. ^1 ^ OjJ^i L 1^-iSj . <u*li 
^ «* •* 

J-L-^i ^jJ j c ^ NjU; p\ JJ^T ^1 N i . Liu s J yuJi JjL. jJL 0 jp 

** £~ s* £. ^ p £. V* 

‘ cS>^ 0 J^*d ^ £-j'j « j~L J^pi ^wlj 

* o ^JcuJl AS ^-wJl Aj jJsj i>t*P ^Jp bbA jJi 

“LtrUJl ^ «-*j _ pk*j 01 ?Li>U jl JL3 jJ ISL 

*• 1 •* *4 

4 L^4J>* j ^Jp ja -A.*~J * U a AS' ^y*Jl 4 j jJi j 1^ jj b 4j_3 

** 

JbJL>- wJLlSbub ^Jlp ^|jJi*>U iJliJl ipU*jJb 0ji->fcO V /jJ jJi J 

b^P 4,bo«jl 4*«J ! iuEa^vwwA l^rfxwb ^bob^Jl *■ * Ol Li.^.-‘.- kl ^i-o-i ^ ^ Cj^ ^ " -^^****A ^1 

^ ^ p, p, 

(1) ^ ^ C-5^ ^ -y-g ^ c_3 ^bo 

IjLSol ol J-OJ . LJ^P j LjJaJ ji CjJjb^iJNl 

b> y >- 1 jv-k J c > g <uJaJ ^ j U o 4-P j-wJl ( J^-3 iij jia-o 

O ^lajbj dUij b»j c^jb^o bftj^j ji O^ijib 

> ** 

bo->j Sj-^ 9 i^bixJl ^i>"l <Jjb>-bw*> t ^b>«jJl ^L> jJajJ <w^5b j*J lili 

*> i ^ > f. 

. <^jb^Jb I^j Jj>“ a!a>cj bo |*JbJl C->bAblo bl $\ 4 I j\s JtS I o J& 


i)j j^SJLy** ^bJl JlLIj 1 l)! Jj_aJ| ^jP 4 ^Lj jJa_> jJ boi 

♦♦ %♦ 

La^LiJIpI 4 Lg-wbp CjUI ^JLsI | t bo J-SbS JJ-bJl 

b^o ^b>" 4 bo^bywJl ^ ob>- bj yyi b jSKji\ . bg-iL^iaJj 

b-A . 4»*^b*Ji b^A^»^xbi j 15 j ^-t g - b bg-SJJu (Jl ^1 ^o Aj 

4 ^^c>b-*Jl .la.^ jJl ^3 4 5 Jo*\s>- o /J^J Jj N 4j| S ^o jjb b ^Jli bo 

** %♦ 

: lA; ^ 5 W SSy JsO J» <L>p JJ j^Jl y> 
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jlji 


. -Vjjj j frl I Cr* : 

. *juli oli y L^3 cUUj i&pU- o~J 1*1 : iJWl il^JI 

J, J^iJl ^ bJlj cl> oliU^Vl (Jipl ^ 1*1 : U^Jl 

.1*Ll^I 

JygJjL*** Ljj| ^3 j ^3 c p J^AU o I <LP ^wvJ I <L> jJa-i Ow»x-s^ 0 Li 

** 

Cwai IjP-l Jj £>jUl \y*& ^ J o** Otjr^^ 

.Up J^Jl 

. oJoJ^>- 4j j5o 6 y»t*>» <L>- ya C-~5j jij I y c-3 y-Jj 




dJL jjm ^4 ^ jjm\ 


^ ^iJb cL>Li 5G) UlA j t jNl 

L^-jN'V Jo jJL^Jl N Lo-S* 4 4 jJs?L>. ^»| 0 ^_>tL-s^? ijj-iaJ ^J-o2_ 

5JUlll f' t^SLUJ! f* t*hj-~Jl ^1 4jj-^J! jJLp :S^L_J| 

J— wJl) frj-oiJJ e^JcuJl <P J +. Jl ^Lp ^JUxJl J^J^? J\ J-JjJt ?io> J^5dl 

£y^h <■ v J WrH cy 2 -^ 

Ocr* c^ 5 " jli* (iillaJi aJp ^LJ i iJ j_£Jl iijUJ! 

^Iki4 ^ ^;U ^aj jUjSMj c^lJ-iLLJl oijb J5 jl ^ilkjl ijl^J 

* * i * 

Cx* ^ ^ 4jj^?| c5^ jiij I^Jlp oli 4 <-.._> ^>o 

L5^ *• Sulj^ 4 l 5 j-^“I jl j Olj-ftLioJ Jj>* *j JJl 3 ?, C iJU ,'wA Q . 4 JLwO_aI 

•* 




f p 


> s- 


J ^ 

■^■ >t ' 0 <_r^ J*-’ ‘'Ji ^ c5"*Jl ^-vsjJl J_a : ^-LJl ^Lu Lo 1 j-JLS j 
^ J kj-» ^l.^-j ?LgJ*>Uaj o-o jJ iJl^JL ^JA^, Jjbj 
SfjU^. >i~J jl ( ^Jl ^Sj . ^UJl ^ V J J^iJli <, |JLj5 jjjoiJ 

t-j^iA} e ^ ^iftJl ip j^Jl ^ UL*J <uL*j U Ijjkj t jr° JuJl>- J 5 CJ L_ 4 «-»j 

i ii^ r *^Jl ij^s- (_pUf £~>j Oi^> ^1 . I4JU ^P jJiJl «Ja.i; 

‘ s^iJl 4,1^ j4* ^ ^ ^1 t ^UJI 14^1 

CjUJJs ^yj ( _ s ~~io C-~ailj . (o'yL»jj>- jll) O^Li- - j j5j Jj 
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P-J) </*>!) ^ya 


^ ^ p. ^ ^ p 

JjJl A^3.A.} \ Cw^*xl jJ J^-S*l dJJ^Lj t JjUlj 
** »• 

yS* . ol>- ol jJw^ Jo» ^jJi J aJIJlaI ^ jJl (*L^uiJl JJ JaS) ^1^5 ^ oj ^ a^Jl 

. cJl>o Lo j^Ip La^j i— a«*>l ^>1 

«• 

^Jl ciyoil J o^UI 3 ^uJ! i^~Jl 5 j ^ (SI (2JJi5 J 

M *• 

Ijji 11 a ^^5 ^ ^ jSi ^.Ul ^LkJS/l J5^i 5 jJ~^ o-* 

*wil5 Uw*» oJU?“ j I Jj& ^^Ip I 

^ f «» I *• 

. l*j JjJuJl *L*JL L*i J*>J 

f, * S "* — • f, 

Aj j jJLo 4 J-j> j-*Jl ^yd^a JJa A-^SsJ 4 Jfi3 lLUS J-*J (^Jol <y 

p (i ^ 

wL^P J-La Ajj^JLa jl y>j • 1 cjLoL*J! j*— <j^ 

o^JCLoJt ip j-wJ! j-> j„la « j ^y>-jl>- ^LoJL&I (^Jo^ (Jl jLaj . Aj ^J ji 

a-*o»L>- ^s UU 4 Ip j-w^> ijwLJjjj JjLwmwo o~id! aJI 4 * j «, <g U 

y»j ja ;OjJj>- £» otJ^SCJl pie ^ 

Ao^Ai? l)I y* I yJCjo UL^>-I A.1 a * «,^? 1 C^sS Jij . oJo*X>cJl AjLo>- ^3 Aj j^I £o» J^*--^ 
4U5 y ^\ y>*}\ 4o>lol y ytr*-* drd^ 

*• *• ♦* 1 

Jwal* I “j^jj <. JJ 1 ^ <j>r J^'j 

4 L) y-~» 0NLL0 yfr Aij N Loj U1 j 5 ijlia >1 Laj . 4^aL>cJl ^3 Ajilsu^l 

(.(^^licuji O-;Lt!0 oL^iaj ^jXJ. ^ lOl^ ,^1-P ibu J-«-*-!' 

•• 

^Jixls3 4 plia.o L 0^-^ tl^i 0 j-c<X^Jl ap Aj jJaj \^1^aj 

** «* 1 

^U ^ Royal Astronomical Society i^SiLJl i^-SCJLiJi i^A^>Jl yu 

* •♦ *♦ 

^ ( ^o j 46 s aJsJ jj y>uj 4I^j«>bJI c-il ji^l c^^l>xJoj 4 <wsL>tJJ ^yA£j\ 

. . . ^IpbcJl y ^>15^)/ 1 w-Jj-Lai!)U L . 0 Jo Jj>- SjLia L^a ^1 

^ ^ ^ p 

oJL>«JL<Jl djloN jJt oJjoJl £0 > y Ao! 4(Jloj^-aNi ^\yi 

4 J^LjijJ! y* aJocJ< J-^J ^ Jjj-Aobjwa A-*^«L>o A^wwwO j JjJl A^ ^ li ^3 /aJ_ilLa j^JaxS 

— ' ^ 
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frj fr * **">1 1 A£-^)-uj ^-o P :<UuLLll 


L5^ jL^oNl l *jA 1 C^l jjJl 

^C-<J ^Ll wLLo j_£j i^3 (oj-£Jl) ^^g-Lo jy .jUj^i 

* BMW jlj-U i^jli OwL wb>- o jL^ ^j-L ( j^wjJl) 

up ^4-*-* iyr^^ tj? J^*~d 4 Ju*S\ Jjj-U £jj-^> wLiiJ 

Caribbean Institute of Advanced (LoJiiJuJl oLJjjJU ^jlSJl j>j* 

•* 

> 

. *A*Jl oi^5 olj^La i yd ^ Study (CIAS) 

«• 

iL^ ^JU. 1*1 ciDl dj) j-A pJl ^1 ^Ul ^SU 

l^jL*-a 4v ? dfl J l JljJ Uj . iJufc AjI^J J_i l_£L*2> L-jlj jUrl l 

H 

LiLliS’lj iiLisJl ^Jb L^»-i LL^ j| j^a\ ^ ^S'li JS\ 

<jjl)l a**-« ^ j\ <. jjJ ^ ^^idl U siUj . ULjJI ^jlxJl Ja 

• f jl* (5UJl ^ wUJl j $\ _^Jl jjj\ ja lo^-lj ^js>~ <uJlSl 

<y “ u '^’ cS^' ‘°^y i>=r- d' ,^~isl j^Jl ^j\ij^>] jaj 

** *• 

^yuu 51 . <bU5 y„y- Ujl 5 JljU j^jy i*_aU- 

^jSsj L<j A_La j £* OjLjcJL y* y* * yaM S ^JdJl y 5 ^jJl <LJL>Ji 

♦* 

£_UJ^M t*- 5 '- 1 u^ij • 0ja~l5 

(jd^j <bl JjJl iiLrfjl t e-lj^* j^-Lp Uo ' j-oJ I j ol.Ls-VL 

5l J^iJl diil5?lj . ill ^-Oj yj^-S ^U! LJ-Ma; 

♦♦ 

4JUL^I ^ U^r o ^SJ ol ja^- N 11 a L^ll^ ^J| 

•• «* 

^ • W-^dJ^ <jr^ J ^ oSfl O-S^j^l Jj j . lj^Si}\ 

— 

* yl ^ 

Lo^LLPj 4<wotjJ>sJi O^JUCxJl AjLj>- ^jjo LjI>" 

• 5UJI JA jS\ 

t* ** V 

y° I 4»liJl o Sjt lw? jv2 - > - dU d^-Xi L^J 

*• H 

didkLl dJJjj li-* ^L5 jJiilj U-4 jlS'l 

d„d d * p ** 

A-JL~j| Ajj->J UAal jjfe Jj 4 Jsaii isCU ^vwJ -JbJl 


S' . ^ . t 


* .p 


* p 
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0 ^*JcL<Jl 4 jP ^~J l 1) j-$o -J (^jL>J| lJ-& c5^i f * $ *"i 

I & j ., ,£■ i . I 1 „ *> I, .. ■,.. ~ ~^~ c t- 1 ^_l_w_! I ^ * y£* La . 1 ,^^ I 1 ^ c j L i £- ^ *, /? L J 

i jUUJL? (aU^JI J^iaj) jJ^I v 15 Lr* ^ LiJI 

«* ♦* 

. ^h£Jl lift dJbd JU JL*. 

*4 

oJlp ^ ^LUjI *_a J_a_p i^OjJ ^U- Leopold Infeld JLlijl jJ y_y^) 

olio t^^iUJl o jlil ^y> oloJ*AlSl ji-ljl H^a l^lp JjL~» 

** ,, f 

iJj^l c LSwji j oL I jjJjJ j^LoJVl jy*S\ d)i ^-s^ljI L«j-ipj . 4 »^j>-j^>j a^Li^i 

Jli>-L> l)I ^j-a L)lSj . JLjfc j^w>-^ll l.i_& j-5 jJaJUj 1^ I 

*» •♦ 

^Ju a IS oLJ^Jl ^Ijl ^ ll Nl Sill >1 HU ^JLp 

■ *->1 U 1 ...ll ^Ij'i I g^-*' i ./> j oi JOlsls t <Lo ^g-Jl 0*15 l*Jl jj^A ® j>*-ft 

** * 

uH ^•'l-A* <_** AJOlU Jj <.^SojJ)}\ 

** > 

L*aJ dJUS L1 a3 <uSsJ t a^SL^o^II oL*-aL>Jl ^Jj>-\ jJjijN <LSb^l < — wa^° 
♦♦ 

jJull J? j L>-> - Ju L>jjjl ^3 jJ jjJl JuI^j • Jl-Lll a*- ,*J 1 *Jjj ^iaJl 

. Lb*- A*jU ^L>*Jl 

ill^Jj^b JalL^Jl j4-L*Jl ^3 ^llS” (a^jLJLo j^LlIJjI jJs 3 ^>LJl £j\Joj 
aJU^o ^1 >1 ^111 (pL^I J^ia:) cij^ ^ Lr 5 ^ r 5 f 

Lrdj^ ^ i}^ J-*j L^Lj^i jApI jl i \^ Juyi ll 

~ U 5 ‘ a U^U^J A_vSLj j_P o j ^ ^LJl ^3 aJ C-JjLi? ol 0^-*-3 LaO t Ja-A3 

y]\ ^JU>lj . iio^L/l oUaLJl ^1 aJ LjI^a _ SUo _ Jill 4 ^JaJl 

(*rr >,J r 1 L#^! djjir* N jJ _ aJI 

l ** «. ' w ' 

I) ^-^1 (1)1 ^>“^Ls C iwl->- 6 jsZj* 6 <LP^^vJl 4.>/?3 OjLS' 

IfLxJ Jj 4 JjVl jaLLJI ^ AjJ^ J*-^' jLr! i uf* ooiij Ji 

aJ>* )l 0 . (jLo-^Ul 0 ; a-A-J a*JLp . -3 (3*!>Ll£>N I /— Lp oN Lvc Jl C_3 w^»l 9 ^ ^ jL>s_Jl 



309 


E j) j-lu (jfja :<UliLiJI 


oXw\^- cl . ^3 iix I <uL<^_p ^bjl ^9 cLjJj> 6 j Lo cj )&\ jii (j jSI j! lLUJiS" 

** ** 

Cr° y^Yy Xi °jy-i L° J-'-v: ^ ol ij J\j . p-L-Jl y 

£*'j y \*yr bib siii ijj (^»-%sji) ji o ^ jJL» 

♦♦ 

^ er*"^ clrd^l j-^1) <JL^* ^ Lbl dJJxS* ^-*^1 j coLj>*J1 

p 

^oLj-'yi ^J5 ^ ^ Jjj? 

. Jplp ^AJ^zla { j& ^ fcX N p-L*U ^ ^ilX ^ (Jj-^L 

1 Vi> i V> y ^ojJl *l*~Jl c^J olfc 5 J^S fl yUS - As4 Ot UJj 
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